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The National Bureau od Standards had investigated thermal

environment of a family shelter for various test conditions experimentally

and has been developing analytical and numerical computational programs

that predict the thermal performance of occupied underground shelters.

Details of these programs have been reported previously. The numerical

program was desig'ed co predict, by a digital computer, temperature and

humidity in underground shelters for simulated occupancy conditions,

of any Bize, shape and construction detail for any o-ombination of

properties of the surrounding soil, outdoor weather conditions, number,

activity and density of occupants, and type of cooling and ventilating

facilities. The thermal performances of several prototype shelters

with simulated occupants of several different sizes have been adequately

simulated by the present computer program. The, computer program is

basically capable of predicting thermal environment of many different

underground structures if input parameters are accurately known, such

as was the case for the prototype shelters. Some of the important, yet

not well defined, input parameters for underground thermal performance

are temperature and properties of the earth surrounding the shelter,

and conditions of outdoor air which is usually used for shelter

ventilation. The earth temperature, earth properties and outdoor air

conditions are interdependent near the earth's surface, and these

parameters vary with time and from locality to locailty throughout the

United States. Thus, it was decided that the earth teuperature data

and outdoor weather data should be analyzed to establish reasonable

computer input data for the purpose of predicting tho shelter thermal



environment anA to facilitate design of economical mechanical systems

for underground shelters. This report covers the analysis of earth

temperature data.

A total of 63 sets of monthly average earth tem; !rature dat',

including some that hcd been already publ!slcc and additional data

.otaaed rrom the climatological data of the U.S. Weather Bureau, have

been tabulated and analyzed in this report. This technique employs a

simple harmonic heat transfer equation of earth temperature vs. time

to calculate the earth temperatures 'rom. a few characteristics such as

annual average temperature, surface temperature, annual temperature

amplitude, thermal diffusivity, and surface tempe-ature phese angle

from a selected reference point. These characteristic values were

analyzed using least-squares constant which were obtained by fitting a

simple harmonic equation :o the data of the monthly average earth

temperatures. The higher harmonic terms in describing a-nual cycle of

monthly average earth temperatures were neglected in this analysis.

By knowing the characteristics described above, earth temperature

vs. depth nay be calculated for various climatic revions and for various

thermal prop-:ties. Simplified analytical studies on shelter heat

transfer, however, require only an average earth temperature surrounding

the shelter at the rime of shelter entry instead of the detailed

temperature distributions. The average earth tempersaures from surface

to 10-ft death have also been calcula'ed using these same earth

temperature chtracteristico.



Findinas

It was found during the analysis that the simplified beat

conduction theory based upon a simple harmonic presentation of earth

temperatures provided a fair approximation of monthly average earth

temperature except near the surface, provided the annual average

temperature, the annual amplitude and phase angle of the surface

temperature, and the thermal diffusivity are known.

In-situ thermal diffusivities of earth were computed from the

observed earth temperature data both by amplitude method and phase angle

method. The diffusivities computed by these two methods for each of

earth temperature stations showed reasonably good agreement for most of

the stations. Moreover, most of the diffusivity values were in the

range from 0.015 and 0.035 ft 2 /hr. The difference in the thermal

diffusivities calculated by the two methods could not be attributed

definitely to known causes. The annual averages of monthly average

earth temperature, as expected, were very close to the annual average

outdoor air temperature and to the Collins' ground water temperature of

a given location. The annual amplitude of the monthly average earth

surface temperature, however, did not show a good correlation to the

annual amplitude of monthly average outdoor air temperature. The phase

angle measured from January 1st for monthly average earth temperatures

and air temperatures were also compared. While the phase angle values

of air temperature cycle showed a consistent value of approximately

0.6 radian (5 weeks), the earth surface temperature phase angles ranged

from 0.4 radian and 0.8 radian (3.3 to 6.7 weeks).
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More extensive studies are necessary to establish a functional

relation between eeirth surface temperature and outdoor &ir teirperLture

for various types of soil, earth surface ;b.Aracteristics, and climtic

condi tions.

Although all 4vaii&ble earth temperature data were compiled during

this study, the statioas were widely stparailed in most of t:•-? southern

and western states. It is recommended, therefore, that data be obtoined

at additional stations in those regions d,;ing future etudies.
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EARTH TFMPERATURE AND THERMAL DIFFUSIV:TY
AT SELECTED STATIONS IN THE UNITED STATES

by

T. Kusuda a'd P. R. Achenbach

ABSTRACT

To provide information related to the heat transfer in underground

a o 63 sets of data showing annual variations of monthly

average earth temperatures at various depths throughout the 48

contiguous states of the United States of America have been compiled

and analyzed for the Office of Civil Decense. These data have been

used to compute the annual average amplitude and phase angle of the

earth temperature by a least-squares method. Thermal diffusivities of

.arth compuLed from the observed temperature data by both the amplitude

method and phase lag method were compared for selected earth temperature

stations. The monthly average earth temperature at depth intervals of

two feet to a depth of 10 feet and the annual maximum and minimum

integrated average temperatures in this region were calculated for each

station for a selected value of thermal diffusivity using the results

of the least-squares analysis. Annual average values of earth temperature

and the amplitude and phase angle of the annual cycle of eatth surface

temperature were compared with the correspondlig values Df air and

ground water temperatures.

vi-_



EARTH TEMPERATURE AND THERMAL DIFFUSIVJTY

AT SELECTED STATIONS IN THE UNITED STATES

by

T. Kusuda and P. R. Achenbach
National Bureau of Standards

1. Introduction

Earth temperature is one of the most important parameters affectiag

heat transfer in underground installations. Rcent studies of

underground protective shelters have clearly indicated the immediate

need for earth temperature design data. 1 23/ The environment in an

underground protective s',elter can be improved considerzb5y if the

heat absorbing capacity of the surrounding earth is effectively utilized.

The total heat absorbing capacity of earth, however, cannot be accurately

determined unless its temperature and thermal propertiej are known. The

earth temperature varies with latitude, weather conditions, time of y~ar,

altitude, landscaping, shading, neighboring buildings, earth surface

conditions, soil properties, rainfall, and other factors.

Although the exact ground temperature at a specific site can be

obtained only by direct measurements, information on the general

distribution of the natural ground temperature throughout the United

States is, nevertheless, worth obtaining. Such information would be

useful from the standpoint of shelter planning on a nationwide ' si

and would aid in determining the equipment requirements for ventilation,

air-cond:i oning and heating of various size ahelters.

The primary purpose of this report ib to compile all avallable

annual cycles of monthly average earth temperatutes in the depths

suited to heat :ansfer calculations in underground protecti.e structures.



Numerous earth temperature data are scattered throughout tne

literature, but little effort has been made in the past to compile

them into a natioTwile suinary except for the work of Fitton and Brook4/

and that of Jen-Hu Chtng.!/ A good many of the earth temperature data

compiled by these workers have, however, been obtained less than a foot

from the earth's surface and are not particularly suited for heat

transfer studies on underground structures.

For heat transfer eitudies on underground protective structures,

earth temperaltures at depths between 3 ft and 10 ft are of

particular significance. A study was undertaken une-r the spo.Lsorship

of the Office of CIil Defense to se:ure earth teziperature data at these

depths from several existing soil temperature records, 45 .6.7 ,8 ý9 ,10/

either published or unpublished. Data compiled and an.ý ,zed in this

paper are monthly avei:age earth temperatures for periods ranging from

one year to several years.

The analysis of earth temperature data includes the following

parts:

(a) The determination of averaged annual cycles of mcnthlA

average earth temperatures at variou. 4epths from the severs! years'

records at 63 stat 4 ons.

(b) Least-squares fitting of observed data to a simple harmonic

function to obtain annual average temperature, annual amplitude of

.monthly averages, and phase angle of the temperature cycle at various

depths for 63 stat i,•5.



(c) Calculation of therml 6iffusivity of the earth at 29

stations using both the amplitude and phase angle techniques.

(d) Comparison of observed earth temperatures with calculated

earth teamperattres, using the thermal diffusivity as determined in

(c) and with least-squares corstanto as determined in (b) at each

depth where the observations were made.

(t) Calculation of -arth temperature from the surface to a depth

of 10 ft at two-foot intervalsand average earth temperature of the

same region for selected values of thermal diffusivities and earth

temperature characteristics.

In order to compare the earth temperatures with air temperatures,

annual temperature cycles of outdoor air were also collected from

weather stations in the vicinity of the ground temperature stations.

The earth temperatures were a!so compared with ground water temperatures

reported by Coliasjl-/

2. Location of Earth Tewerature Stations

The many parmsaters which affect earth temperature can be

classified into the following three major groups:

(1) Gsographicrl characteristics: latitude, altitude, climatic

conditions.

(2) Site charazýteristics: surface condition, landscaping,

shading, neighboring installations, water table.

(3) Earth characteristics: th.'rmal and physical properties of

sarth (including moisture content), packing density. etc.

3



Since many of these parameters change in a seasonal cycle, or

irregularly with time, it is impossible to predict exactly the earth

temperature at any given location tor any given time in the future,

particularly at locations near the earth's surface. Earth tempeiature

predictions, therefore, are of a statistical nature and some devi- ion

from the average is to be expected in any given day, season, or %,ear.

Because earth temperatures are affected by so many factors;, it

woIld be desirable in analyzing data at different locations for

comparison with each other to kcep as "ny of these factors, such as

earth cover, -i'i*rg '-d earth density, constant in order te arive

at meaningful conciusions. However, this approach was impractic.!

for the most part in the present study since the original teiperature

data were taken for a variety of purposes oy different inve.-tigators,

and the total number of stations of observation in the United States

was quite limited. The majority of the ground temperature dat-

available for this study were obtained in undisturbed earth at :,taion.s

onr open flat ground, eitier bare or grass-covered.



The geographical locations of the st&, :ns for which earth

temperature data are compiled in this study are indicated in Fig. 1.

Collins' well-water temperature isotherm.-/ at dejths of 30 ft to 60 ft

are superimposed on Fig. 1. These data will be used later tý. correlate

the ground water temperature with earth temperature. Eighteen filled

circles and seven open circles on Fig. I indicate the stations for

which data have been newly analyzed during the course of this itudy.

The monthly average earth temperatures for three consecutive yeastsl span

were obtained and analyzed for the majority of these twenty-five
bofected

stations. The stations t..rked with/open circles in Fig. 1 are tho4

ior which earth temperature data had already been reduced to cn annual

cycle of average monthly temperaturea by other investigatori for

publi".tion. Unfortunately, the majority of thL data obtained from

these latter sources did not contain pertinent informaticn wich regard

to most of the site and soil characteristics, although they are still

helpful in studying the efict of the paramete-s which were cAttd.

A total of 53 sets of dita hze been coniled and soalyzed In thfs

study to show th2 effect of -ombinaticns o- the above perameters on

earth temperature. Table I is a lict -,f the earth temperature stations

i:ndicated in Fig.. I.
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i•1 1 List of earth temperature stations and results of

least-squares analysis

Avg. garts dmplitud* at1 of March Toop.

ib_ Statito tat.e iaI. I Sht hazaI- at .j3 fec.
(A) F W b) (PO)radimsa

•S7- * arn Alahmm 65 17 0.41

-AAST- 2 Decatur Alhm 59 21 0.45
.4*ST- 3 Tom" Arit&na 70 20 0.47

*ST- 4 yucaob hrison 75 1i 0.77

4 ST- 5 brwley Califoriaa 79 20 0.60
ST- 6 Davis California 66 19 0.63

4 ST- 7 Port Collins Colorado s0 24 0.54

4 ST- 8 Part Collins Colorado 50 24 0.%A

4*•T-' 9 port Collins Colorado 50 26 0.54

SST-10 raiunsvtlle Florida 74 ..

t STr- II Athena Georgi 67 - -"

ST-12 Tiftoo Georgia 71 -- -"

3ST- 13 Moscow Idaho 47 is 0.73

*ST-I . AxScn Illinois 51 23 0.70

ST-I1 .,1m010t Illinois 52 23 0.66

'ST-16 Urban& Illincis 53 25 0.6*

ST-i? Urbanaa Illinois 55 ...

ST-16 West lafayette Indiana 52 ....

.kST*19 Burlington love 54 30 0.57

4*ST-20 Manhattan Lanas 55 26 0.61

ST-21 Lazington Kentucky 55 23 0.60

*7T-22 tazingtocl Kentucky 58 22 0.75

#eST- 23 Upper Marlboro Maryland 56 25 0.56

ST-24 tsat Landing Michigan 50 24 0.60

ST-25 East Lansing Michigan 51 24 0.59

ST-?6 Fast Lensing Michigan 50 24 0.60

-T-27 East Leasing Michigan s0 24 0.60

ST-28 East La soig Michigan 50 24 0.65

4*$T-7. St. Paul Muinesota 48 25 0.65

4 ST-30 State Untiv. Mississippi 67 21 0.58

*37-31 Faucatt Misasoui 54 20 0.65

ST-32 Kansas City Misouri 54 22 0.56

own-*33 Sikeston Misaouri 57 25 0.59

ST-.34 DozSnO Mostamm 4 21 0.66

4 T5-35 Bossm NMontanm a 21 0.63

4*ET-36 Imatley Maontaea 50 25 0.47

ST-37 Lincoln Nebrtsk 54 28 0.52

ST-38 Lincoln webroake 53 as 0.52

ST-39 Iorfolk Nebraska 53 24 0.54

ST-40 vow Brunswick Vw Jeraey 53 21 0.69

ST-41 Ithaca YAW York 49 19 0.69

,08T-42 Ithaca ohm York 49 19 0.64

4 ST-43 R4laleh worth Carolina 62 ...
4 ST-u Columbus Ohio 53 22 0.65

ST-.5 Coahoctoo Ohio 52 22 0.67

ST-46 barnadall Oklahom 65 21 0.65

ST-47 !!.miny Oklahoma 63 21 0.73

ST-48 Laka lefear OClAhm, 6 23 0.63

ST-49 P1buaka Oklahoma 62 22 0.61

*ST-50 Ottawa Ontario 47 21 0.64

4*1T-51 Corvallis Oregon 56 16 0.53

ST-52 Pendlaton Oragon 53 26 0.48

ST-53 Calhoun South Carolina "4 22 0.49

*ST-5.4 Union South Carolina 59 20 0.67

4*9T-55 Madison South Dakota 47 26 0.59

4*ST-56 Jacksao Tannesas 60 20 0.44

4"5T-57 na .le TeLsa 70 21 0.58

4*23T58 Tample Texas 71 21 0.59

4*5T-59 Salt Lake city Utah 51 21 0.48

ST-60 Burlington Vermont 49 ....

ST*-l PullamM Weahitom 48 ....
ST-62 ul•l• Wahigton 48 19 0.50

*3T-63 Seattle Uahhihotom 53 15 0.64

W . Earth temprature etattios where the data are analyned for the thermal

diffusivity (29 stations)
Kg - arth temperature data newly ocqutred (25 @atacot=)

-7-



3. Analysis of Eaith Temperature Data

The observed earth temperatures at various depths, averaged

arithmetically in nionthiy periods, were tabulated for the 63 stations

in 'fables ST-I through ST-63. In addition to

presentirg the amnual cycle of monthly average earth temperatures,

the observed earth teaperatures were analyzed to find best annual

avei~dtes, depth amplitude, and d,ýpth phase angles based upon the

asaumption that the earth temperature can be represented by a simple

harmnnic time fLnctie . This assumption way not represent the best

possible mathematical model from the standpoint of met-orologieal

or geophysical considerations, but it is probably satisfactory for

the purpo-e of analysis of heat transfer in underground protective

oLrUCtUrez. The simple harmonic representation cf an annual cycle

of monthly average soil temperatures is reasonably accurate, as

8 9/ ~~10 /Moevrthshown by the analyses of Penrod8-ý/ and Carson.- Moreover, the

constsnts of the simple harmonic expression of the earth temperatuve

cycle can be related to thermal diffusivity of the soil aL any

station for which temperature data are taken.

8



Equation (1) io a simple harmonic function that can be used to

represent an earth temperature cycle.

t-A-B coo(. -P2 (1)

where: t is the monthly average earth temperat ire, *F

9 is the time cj-,rdinate which is taken as zero on

January 1, hr

T is the period of the temperature cycle - 8766 hr

A is the anlual Average earth temperature, *F

B is the annual amplitude of the monthly average

temperature cycle, *F

P is the phase angle of the earth temperature cycle, radians

The values of A, B, and P in equation (I) have been determined in two

different ways by other authors. Penrod8J 9 / computed A by arithmetic

average of 12 monthly overage earth temperatures, B as one-half the

difference between the maximum and minimum monthly average temperatures,

and P by a rather complicated graphical calculation. Carson-1 0/

expressed the annual cycle of monthly average earth temperatures ac a

given depth by a Fourier series ccntaining six harmonic3 and computed

A, B, and P from the basic harmonic terms of the Fourier expression.

both Penrod and Carson computed their parameters for each year

separately.

It should be pointed out, however, that the numerical value of F

is rather arbitrary, depending upon the origin of the tine coordinate

system.

9



In this study, earth temperature cycles of several years' record

of monthly averages have been fitted to equation (1) by a least-squares

method. That is, the values of constants A, B, and P have been

determined, so that the sum of the squares of differences between the

fitted harmonic curve and the observed values are a minimum. Fig. 2

shows typical annual cycles of monthly average earth temperatures at

the surface and at the 10-ft depth at a site in Lexington, Kentucky.
the 9/

Curves representing 5-year norm of Penrod,- and those calculated by

the least-squares technique are also shown on Fig. 2. A good agreement

exists between the least-squares fitted curve and the 5-year norm

curve, despite the considerable scatter in earth surface temperature

data.

The detail of the mathematical development of the least-squares

technique is presented in the Appendix. The values of A, B, and P,

and the standard deviation of the observed data from the value calculated

by equation (I), were determined at each depth for 63 sets of earth

temperature data and are shown in the ST tables. The absolute value

of the phase angle, P, is dependent upon the coordinate system of G of

equation (1) and is less meaningful than the difference between the

values of P at two consecutive depths. A6 seen from the ST tables, the

annual amplitude of the earth temperature, B, decreased as the depth

increased, whereas the annual average of the earth temperature was

practically invariant with respect to the depth, except for

irregularities near the surface region. It is also observed from the

ST tables that the phase angle, P, increased as the depth increesed.

10
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4. Simplified Heat Conduction Theory of Undisturbed Earth

The earth temperature oscillation near the surface from the

standpoint of heat conduction theory has been discussed in various

texts c' heat transfer; notable among them are Carslaw and Jaeger' 12/

and Eckert's 13/ treatments of the problem.

Usually the mathematical treatment of earth temperature starts with

the assumption that:

(1) Earth is a homogeneous heat conducting medium of a

semi-infinite solid system, the thermal diffusivity of

which is constant throughout.

(2) The temperature of the surface exposed to the atmosphere

varies periodically with time.

For such a system the earth temperature at depth, x, can be computed by

the follo ing equation when a steady cyclic pattern is established

within earth:
1 2-13/

r2TTnQ
fluf x nCD x) (2)

where Cn and 5n correspond to the amplitude and phase angle of the nth

harmonic of the prescribed periodic tempsnatt4 e function at the ground

surface. As long as the earth sirface temperature is periodic, and as

long as the assumptions (1) and (2) are valid, equation (2) exactly

describes the earth temperature with proper evaluation of Cn and 6n as

well as thermal diffusivity D. Furthermore, when higher harmonics

corresponding to nN are not significant, as in the case of the annual

temperature cycle of the monthly average soil temperatures, equation (2)

becomes simply the following form:

12



,.-/ x- x PCo,• "\ (3)
t w A- BO VDT Cos T DT X - )()

By comparing (1) and (3), B a BO •-IT (4)

and P- 1P0 + n (5)

Relations (4) and (5) indicate that a linear relationship axiets

between the logarithmic amplitude and dephi anO between the phase angle

and the depth.

Relations (4) and (5) also suggest the evaluation of thermal

diffusivity by the formulas

D (B) x ¥ L(og 6)

D F)- [10 3 T7

The preceding relations of earth temptrature and thermal

diffusivity had been applied as far back as 1811 by Lord Kelvin to the

mean earth temperature curves based on Forbe's 18-year record in

Edinburgh, Scotland.L2-/ Kelvin did not ignore the higher harmonics

for the temperature equations and calculated the diffusivity not only

by the first harmonic but also by the higher harmonics as well. He

had obtained a good agreement between the thermal diffusivition deduced

from the amplitude and that from the phase angle of the first harmonic.

He was. hovever, less successful for the higher harmonics in obtaining

a good agreement between the diffusivlties calculated by the two

different methods.

13



5. Analyses of Thermal Diffusivity of the Earth by SiMulified Theory

Several other investigators have applied the simplified theory of

the preceding section to limited amounts of earth temperature data. In

this analysis, the results of the least-squares fitting for several

earth temperature stations were selected for graphical representation

of amplitude and phase angle with respect to depth. Figures ST-i

through ST-19 indicate relations bvcween logarithmic amplitude (log B)

vs. depth, x, whereas Figures SP-i through SP-19 show relationships

between the phase angle, P, and the depth, x, for the data obtained from

19 earth temperature stations.

It can be said for all of 19 stations, except near the region

of x-o, linear relationships between log B and x, and those between P

and x, are eminent from all of the ST and SP series of charts. The

temperature irregularity near the ground surface can be explained as

follows:

(1) The earth surface region differs from the idealized heat

conduction model of the previous discuss'on. The temperature

pattern is complicated due to the fact that irregular daily

fluctuations of weather Influence the .jrface temperature.

i2) Temperature values are influenced by the time of observation

unless the data are the average of the continuous hourly

recording.

(3) The soil near the earth's surface is usually less homogeneous

than at depth.

The density, w#ter content, and compsition very within the

region.



The temperature data for 29 ' the 63 stations covered a sufficient

range of depths below the earth's surface to be suitable for evaluating

thermal diffusivity, and earth surface temperature amplitude and phase

angle by graphical methods. Those 29 earth tempeiature stations are

identified by asterisks in Table 1. On oach of the charts for those 29

stations, some of which have been illustrated in Figures ST-1 to 19, a

straight edge was placed to fit the log B vy. depth data points by a

visual inspection, such that the points at greater depths controlled the

positions as well .- the slopes of the straight edge. This visual

technique was considered more appropriate for the analysis than a

mathematical regression technique because most of the temperature data

were concentrated near the shallow dppth region where inconsistency with

respect to the basic heat transfer theory is predominant due to

heterogeneity of the material and diurnal effects. The visual technique

did help to avoid obscuring the intrinsic linear relation of log B vs. X

and P vs. X manifested in the deep earth temperature data by abundant

shallow depth data. The earth surface temperature amplitude BO was then

read at the intersecting point of the straight edge and the x-O

coordinate line. The slope of the straight edge thus determined was

also used for calculating thermal diffusivity D(B) by equation (6).

Figures SP-1 through SP-19 show the plots of phase angles vs. depths

cajcu!atPd for the same 19 stations, the logarithmic ampiitides of whir-h

have been inalyzed. A similar visual technique of finding the intercepls

and slopes of the plots on log B vs. X was also employed on these phase

angle-depth plots in determining the earth surface temperature p".ase

rngle and thermal diffusivitv D(P).
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The simplified theory demando that the diffusivities computed ov

the slope of log B-x relation and that of P-x relation must agree. The

thermal diffusivities computed by the two methods are sumrarized in

Table 2 for eighteen selected stations where comprehensive information

on earth temperature site characteristics was avtilable. ?ig. 3

graphically correlates the relationship between the two computed

diffusivity values, D(B) and D(P). Of all the sets compared, eight

showed an excellent agreement for the diffuaivities computed by the

amplitude method and phase lag method. A majority of the comparisons

showed the diffusivity computed by the phase lag method tc be lower

than that computed by the amplitude method. No obvious correlation

existed between the difference in the two thermal diffusivity values

and earth temperature site character4stics, such as type of soil,

elevation, earth surface, temperature level, or geographical location.

Alt"ough it may be accidental, all three of the stations with bare

earth cover showed very good agreement between the two diffusivitias.

The difference between the thermal diffusivities computed bv

equations (6) and (7) tay be attributable tc the followino zonditionsg

(1 Errors in assigning correct slopes for 'og B-x and P-x curves

due to the insufficient depth data as dell as inconsistent

temperature-depth data.

(2) Err< s in calculating correct phase angle and amplitude fro.

insufficient and fluctuating data.
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(3) Discrepancies from the ideal one-dimenslonal heat flow system

due to the site characteristics of earth temperature stations

of which the authors were unaware.

6. Correlation of lkarti. Air, and Ground Water Temperatures

SAccording to Collins,-I/ the ground water temperature at a depth

of 30 ft to 60 ft is very nearly equal to the annual averdge air

temperature. The well-known Collins' ground water temperature map

was construc!ed on this basis, utilizing the annual average air

temperature distribution of the 48 states.

Annual average ai: temperatures were collected from weather

stations located near :he earth temperature stations designated by

solid dark ind open dots in Fig. 1. The list of the weather stations

and the data are shown in Table 3. Table 3 also lists the following

data.

(1) The annual average air temperature, T'A, and the annual

am=litu'e of the monthly a-:erage air temperature cycle, BA,

computed from the observed data for the indicated peri•-d of

recor .

(2) The least-syuires constants, TA', W', and PA, for the annual

averag•e :AIr toperature, the annual amplitude of the wnthIv

dverage air t-perature cycle, and the phase angle of the air

tLe.eratu.e cvcle, respective>y: for the climtolosical

"s r n vis (i931-1963). Thiese constants wers! determine-`

in the sane manner as those for ',e cfrth tetperature.
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It can be seen from Table 3 that the values of TA and TA' aud those for

BA and BA' are nearly equal..

The values of annual average air temperature TA and the amplitude

of t1, monthly average air temperature BA are superimposed on Figures

ST-I through S".19, whereas the air temperature phase angle PA is

superimposed on Figures SP-I through SP-19.

Annual average earth temperature, A, and ground water temperature,

TW, are plotted against "zinual average air temperature, TA, in Fig. 4.

The amnual amplitude of manthly average air temperature, BA, is plotted

in Fig. 5 against earth termperature amplitude at the surface BO.

Although the aanual average earth temperature, A, can be approximated

eithe: by the annual average air temperature, TA, or by Collins' water

temperature, TW (from Fig. I), the approximation of BO, the annual

earth surface temperature amplitude from the annual amplitude of the

monthly average air temperature, BA, is not too satisfactory, as shown

by Fig. 5 an" all of the figures in the ST 3erles.

I
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A close examination of Fig. 5 and Table 2 reveals the following

interesting trend, however. The points of BO below the line of BO-BA

in Fig. 5, or the localities where BO<BA, represent inland cities such

as Ithaca (New York), Salt Lake City "Utah), Madison (South Dakota),

and St. Paul (Minnesota). In ct-trast, the points above the line of

BO-BA represent the near-coastal cities such as Gainesville (Florida),

Corvallis (Oregon), Oxford (Mississippi), and Upper Marlboro (Maryland),

with Fort Collins (Coloradc) being an exception. A preliminary study

for the Washington, D.C. area and for the Minneapolis (Minnesota) area

has been made to compare the amplitudes and phase angles of annual

cycles of monthly mean outdoor air temperatures and monthly mean solar

radiation received on the flat surfaces for two cities, as shown in

Fig. 6, with BO>BA in Washington, D.C, and BO<BA in Minneapolis. Fig. 6

reveals that the Minneapolis area receives slightly more solar radiation

during the summer months of July and August and slightly less from

October to December than Washington, D.C., anr has considerably lower

monthly average outdoor air temperature than the Washington, D.C. area

throughout the year. Since earth temperature is dependent on both the

heat exchange with outdoor air and solar radiation, the relation between

BO and BA cannot be explained adequately without including solar effects.
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The phase angles of air temperature cycle PA aid those of the

,arth surface temperatures PO are also compared graphically in Fig. 7.

The phase angles of annual air temperature cycles are concentrated in

ai narrow band of 0.6±0.05 radians regardless of the locality, whereas

the phase angles of the earth surface temper- ure are scattered in a

m•uch wider range than those of air temperat-ur-, cyclci as can be

observed in Fig. 7.

Analytical studies such as made by Lettan-1-2- for the earth surface

heat exchange with respect to outdoor air, solar radiation, sky

radiation, evaporation, and nighttime outgoing radiation may give

direction to the computation or prediction of BO and PO from the data

,in BA and PA which are readily available froi. local weather rec.ords.
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The following general conclusions can be drawn from the foregoing

analysis of the data from several selected earth and air temperature

stations:

(1) Except near mountain ranges there is a strong tendency

toward equality among the annual average air temperatures,

TA, the annual average earth temperature, A, and deep ground

water temperature, TW. In other words, the annual average

ground temperature, A, can be reasonably well estimated by

TA or TW.

(2) With somewhat less accuracy, earth temperature amplitudt at

the undisturbed surface (BO) can be approximated by the

amplitude of the annual cycle of monthly average air

temperature (BA).

(3) The phase angles of the earth surface temperature cycles Jo

no, show a definite correlation Aith that of annual air

temperature cycles. The annual air temperature cycles of

various cities in t-E! United States are all approximately

in phase with the minimum occurring about at the beginning

of February.



7. Calculations of Earth Temperatures

Having developed values for annual average earth temperature, A,

the earth surface temperature amplitude, BO, and phase angle, PO, by

lepst-squares technique from the observed data, and knowing the thermal

diffusivity, D, of the soil which has been calculated from the least-

squares constants at several depths, it was possible to calculate the

earth temp&.rature by equation (3). Such calculations wcre performed

with the data of Tables ST-1 through 63 using the arithmetic average

of the thermal diffusivities determined by amplitude and phase angle

methods. The lower portion of ST tables shows the calculated

temperatures for all of the observed doths. The calculatiLns were

performed with the use of equation (3) by employing the parameter

values indicated at the bottom of the ST tables. The agreement

between the calculated and the observed are generally satisfactory,

in most instances, particularly at greater depths. The probable

reasons for the greater discrepancy between the calculated and the

observed earth temperature near the earth surface are described in

Section 5.
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In many instances, it may be desirable to have a rough

approximation of undisturbed earth temperature at a given d-pth or at

several depths where all or some of the constants, A, BO, and PO, and

the thermal diffusivity are uniknown. As indicated in the previous

section, A can be closely approximated by the annual average air

temperatures TA, but BO and PO are not closely predictable from air

temperature amplitude BA, and phase angle PA. The thermal

diffusivities may be determined for a given soil by laboratory test

or may be computed by handbook values of thermal conductivity, density

and specific heat if the type of soil a-ad its moisture content are

known.

The STA tables show computed monthly earth temperatures for all of

the 63 earth temperature stations, for depths of 2, 4, 6, 8, and 10 ft,

using temperature characteristics, such as A, BO, and PO, taken from the

corrcsponding ST table when available, or otherwise approximated by the

air temperature data, and for an arbitrarily chosen thermal diffusivity

of 0.025 ft 2 /hr, which is an approximate median of all of the thermal

diffusivities derived from the observed earth temperature data. In

order to examine the effect of thermal diffusivities other than

0.025 fte/hr upon the eaTth temperature, the STA tables also include

calculated August earth temperatures for the same depths and same

values cf A, BO and P0 but with diffusivities of 0.01, 0.02, 0.03, and

0.04 ft 2 /hr in addition to 0.025 ft 2 /hr.
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8. Integrated Average Temperature of Upper 10-ft Stratum

Although the earth temperature distribution with respect to depth

is important for the accurate numerical calculation of heat transfer

fo: underground protective shelters,-I/ simplified analytical solutions

currently available1621 7 / require only an average earth temperature

surrounding the shelter at the time of entry. This simplification

is employed principally because the heat conduction problem becomes

very complicated for complex initial temperature conditions.

By integrating equation (3) with respect to x from the

surface to depth L, an average temperature EL can be obtained for

this range of depths as follows:

1 "Iý co P.. T )ý
tL- JA -BO e DT Cos A7 x

-A -- [eV L {sin(• PO
L 

D

+ - . )I,/in)}.{ ( . PO)+ cooI 2oI
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By denoting

8•J L

-,P 2 cos 1e

and 0 tan, 1 1 e- e-f(Cos + sin

1 - C5(cos ý - sin ý)

eqtuatiju (8) can be reduced to the following expression

- I cos -) (9)
BO

The integrated a-'erage t, for o<x< L can then simply be evaluated by

knowing ý in additiion to A, BO and 20, since f and cp are functions of

alone. Fig. 8 sows F and yp as a function of ý in order to assist in

making the calculation of Lhe integrated average temperature. Fig. 9

shows the computed Adgust and February earth temperature plotted

agaiast depth for Lexingtoni, ".entucky. The integrated average values

are also illustrated at 10-ft, 16-ft, and 20-ft depths.

Cortemporary underrouund fallout sheltei.3 have approximately 3-ft

earth couer over the roof, and their c, ,Aing heights are usually in the

range of 7 ft to 10 ft. The temperature of eLrtI, surrou.nding the

shelter is usuelly affected little during the 14-day occupancy

period, beyond a region that extends outwardll 5 i' from the shelter

walls includi-ig r:he floor.-/
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Thus, the maximum depth to be considered for contemporary shelter

heat conduction analysis is approximately 20 ft from the surface. The

earth temperatures studied in this report are, however, the monthly

averages which will be considerably lower during the sunmmer than the

daily averages particularly near the surface. Thus, the integrated

average temperature from surface to 10-ft depth, instead of 20-ft

depth, is arbitrarily selected to represent a reasonable earth

temperature criterion for protective shelter heat conduction. Fig. 9,

however, shows that the average temperature of the upper 20 feet of

earth is about 6 degrees lower than for the upper 10 feet of earth

in tn% month of August for Lexington, Kentucky.

"In studying summer shelter environment in the United States,

integrated average August earth temperatures from surface to 10-ft

depth are, therefore, of the greatest importance. Oi the other hand,

it is also important to know the lower end of earth temperature cycle

for the winter occupation of shelters, in which case the integrated

Febr.ary earth temperatures from the surface to 10-ft depth may be

valuable. The maximum and minimum values of the integrated average

earth temperatures of the upper 10-ft layer of earth are probably most

useful from the standpoint of the underground shelter heat transfer

analysis. Table 4 was, therefore, prepared to summarize annual maxima

and minima of calculated 10-ft depth average earth temperatures for all

of the earth Lemperature stations analyzed in this paper. Also iiited

in Table 4 are the annual maxima and minima of monthly average Cir

temperatures observed at weatheZ stations nearby the earth, temaperature
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stations. The annual maxima and minima of the monthly average air

temperature, however, occur for months of July and January, respectively,

which are both one month ahead of the maxima and minima of earth

temperatures. Although most of the air temperature data are based upon

thirty years' norm -921-1950), the earth temperature values in Table 4

are derived from records of only a few years' duration. Thus a good

correlation between the annual maximum of the average earth temperature

to maximum air temperature, or that between the minima, =-,not bc

expected from these data.

Since all of the monthly earth temperaLures in Table 4 and in

Tables STA 1-63 have been calculated for the thermal diffusivity of

0.025 ft?/hr, the compulations were also made of the August earth

temperature at five different thermal diffiisivities for the purpose of

comparison as shown in the lower part of Tables STA 1-63. It is

interesting to note that the integrated averages of earth temperature

for the upper 10 ft of earth are not greatly affected by the variation

of earth thermal diffusivities. A diffusivity change from 0.02 ft2 /hr

to 0.04 f&/hr, for instance, affects this integrated average earth

temperature by approximately 2*F, whereas the same factor of 2 change

in thermal diffusivity from 0.01 ft 2 /hr to 0.02 ft 2 /hr affects the

integrated average temperature by 30F to 40 F. Unless the soil is

extremely dry or highly insulative, however, the in-situ earth thermal

diffusivity is generally higher than 0.015 ft /hr, as seen trom the

values on Tables STA 1-63.
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Table 4 Annual maxima and minims of air temperature and

integrated average earth temperature from surface

to 10-ft depth .. .. .

1g, Earth Thomn Sta tion Air Tem- Statigit LE. Tjj acht Air & Eart

A. A.burn. Ala Moctgmetry. Ala. 61 7. 49 56

Lacatur. Ala. I4sntsville. Alad 81 71 43 48

3 Trape, Ariz- Phoenix. Arti. 90 81 50 59

4 Tucson. Ariz. Tucson. Aria. 86 85 50 65

5 Brawley, Calif. Yua. Arlt. 95 90 55 68

b Davis. Calif. Sacramento. Calitf. 75 76 44 56

Ft. Cjllins. Colo- Deaver. Colo. 77 63 29 37

a Ft. C.,llins. Colo. Denver. Colo. 72 63 29 37

4 Ft. Collins. Zolo. Denver. Colo. 72 64 29 36

.. CatInsevi*I. Fla- Orlando. Fin 82 81) 62 69

il Athens. Ga. Athens. Ca. a1 77 45 57

12 Tifton. Ca. Albany. Ca. 83 80 51 62

t3 toscowv, Idaho Idaho Falls. Idahoe 69 57 16 37

14, Argonne, Ill. chicago. 111. 75 6. 25 38

:s L.ctt. I11. Chicago. I11. 75 65 25 39

!6 Vrbana. I11. Springfield. 111. 76 67 27 39

17 Lrban&.a I1l. Springfield. I11. 76 68 27 42

is west Lafayette. Ind. South Bend. Ind. ?1 16 25 28

19 -aurlington, loa Burlington. Ienac 77 71 24 38
.0 Manhattan. Kans. Concordia. Kan. 80 t)9 20 41

21 Lexington. Ky. Lexington. Ky. 76 68 33 42

22 Lexfngton. Ky. Lexington. Ky. 76 70 33 46

21 lpper Marlboro. Md. Washington. D.C. 77 70 36 42

24 East Lansing, Mich. East Lansing. Mich." 71 63 24 37

25 East Lansing. Mich. East Lansing. mich.c 71 64 24 38

26 East Lansing. Mich. East Lansing. Mich.€ 71 63 24 37

27 East Lansing. Mich. East Lansing. Mitch. 71 63 24 37

28 East Lansing, Mich. East Lansing, Nich.c 71 63 24 37

29 St. Paul, Minn. Minneapolis. Minn. 74 67 Is 34

30 Stats Lkiv.. Kiss. Meridian. Kiss. SI 79 48 55

31 Faucstt, Mo. Springfield. Mo. 78 65 33 43

32 Kansas City. Mo. Kansas City. No. 81 65 30 42

33 Sikeston. No. Springfield. No. 78 71 33 43

34 Boxeman. Mont. Billings. Mont. 73 56 23 33

35 Boamn. Mont. Billingas. Mont. 73 56 23 32

3t Hnatley, Mont. Billings. Mont. 73 64 23 36

37 Lincoln. Nebr. __Lincoln. Nebr. 79 69 24 39

3 Lincoln., Nebr. Lincoln. Nebr. 79 68 24 38

39 Norfolk. Nebr. Norfolk, Nebr. 76 66 19 40

40 New Brunswick. N.J. Newark. N.J. 7 65 32 42

.-I Ithaca. N.Y. Syracuse. N.Y. 73 59 26 39

42 Ithaca. N.Y, Syracuse. N.Y. 73 59 26 39

4,3 Raleigh. X. Car. Raleigh. N. Car. 79 73 41 52

L. Columbus. Ohio Columbus. Ohio 74 65 30 41

45 Coahocton. Ohio Columbus, Ohio 74 64 30 40

46 Barnsdall. Okla. Oklahoma City. Okla. 82 74 37 54

47 ik'miny, Okla. Oklahoma City. Okla. 82 74 37 52

48 Lake Kefner, Okla. Oklahome City. Okla. 82 77 37 51

£9 Pawhuska. Okla. Oklahoms City. Okla. 82 74 37 50

50 Otters, Oat. Ottawa, Ont.f 68 59 12 36

51 Corvallis, Oreg. Eugene., reg. '17 66 38 46

S2 Pendleton. OroS. Pendiet.m. Oreg. 75 67 31 1,9

53 Calhoun, S. Car. Columbia, S. Car. a1 76 47 52

54 union. S. Car. Columbia. S. Car. 81 70 47 48

55 Madison. S. 0. Muron. S. D.C 75 61 14 33

56 Jackson, Tenn. Oak Ridge. Teon, 78 71 38 49

57 Temple, Texas Waco. Texas 86 82 47 58

58 Temple, Texas Waco, Texas 36 83 47 59

59 Salt Lake rity. Utah Salt Lake City, Utah 78 63 29 40

60 Burlington. Vt. BDulington. Vt. 70 63 18 35

61 Pullman. Wsh. Walls Walla. Wash
5  

76 60 32 36

62 Pullman. Wash. Walls Walls, Wash.€ 76 58 32 38

63 Seattle. Wash. Seattle, Wash. 65 61 39 45

Remarks:
a. Llesas otherwlse stated, all the air temperature data are thirty year norm

(1971-1950) airport data published in Technical Paper No. 31, U.S. Weather

Bureau Publication 1956.

b. Earth temperatures showm are integrated average from surface to 10 ft depth

calcula:ed by observed earth tezperature characteristics, each a• average,

amplitude and phase angle and earth thermal diffusivtty of 0.025 ft
2

/hr for

most of the stations.
c. City office air temperature data instead of airport data.

d. Climatological Standard normals of 1931-1960 instead of 1921-1950 norm.

a. Exact location of air teterature station unknow.

f. Air temperature data from Penrod
4

'l
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Carteri--/shows extensive field records of temperature, moisture,

and thermal properties of seven earth temperature and moisture

measurement stations in the Tennessee Valley Area. Carter's data show

that the field thermal diffusivities for various types of soil ranged

from 0.016 f /hr of clay to 0.045 fe/hr of clay-sand with the

majority being in the neighborhodd of 0.025 f@/hr, with the moisture

content of from 20 percent to 40 percent.

9. Conclusions

Extensive analyses have been made on earth temperature data from

63 stations located in fifty different areas throughout the United

States. Annual cycles of monthly average earth temperatures have been

used to study and correlate their annual averages, amplitudes, phase

angles and thermal diffusivities.

It has been found that simplified heat conduction theory based upon

the simple harmonic presentation of earth temperature provides an

acceptable approximation of the monthly average eartL temperatures at

various depths. The thermal diffusivities computed by the amplitude

and phase lag methods are in reasonably good agreement for most of the

earth .emperature data. The thermal diffugivities computed in these

aitalyses from the data for Lexing'on, Kentucky, and Argonne, lilinois,

a-e compatible with those computed by Penrod%/and Carson,-L0/

respectively.
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The tabulated data for the observed monthly average earth

temperature for different localities can serve as a genera! guide in

estimating earth temperatures in the vicinities of those particular

stations. A monthly average earth temperature at a given point can

be calculated by -imple equation (3) if annual average earth temperature

(AO), amplitude and phase angle of the ground surface temperature (BO),

ane (PO), and the thermt- diffusivity are previously known. The

influence of the thermal diffusivity upon the integrated average earth.

temperature to a depth of 10 ft is not too critical in that unL--tainty

by a factor of two in the diffusivity from 0.02 to 0.04 ft 2 /hr produces

only about 2*F change in average temperature for the month of August.

This analysis indicates that the annual average earth temperature

in the range studied is invariant with respect to depth and is very

closely approxiwated by the annual average air temperature or by

Collin's ground water temperature :fap, shown in Fig. 1.

The temperature data analyzed in this reFort are, however, not

extensive enough to provide P good statistical or functional correlation

of ground surface temperature amplitude and the phase lag with respect

to climatoiccicai and site characteristics of the earth temperature

stations.



An adequate analysis of heat transfer in underground structures

requires information on earth temperature distribution from the surface

to a depth of about 10 ft. Very few of the data compiled in this

report cover more than a 6-foot depth from the surface. The extensive

calculation of earth temperatures for depths of 2, 4, 6, 8 and 10 ft

and the integrated depth average for all of the earth temperature

stations employed in this paper have been based on the temperature

characteristics derived from the observed monthly average earth

temperatures and selected thermal diffusivity of 0.025 ft2/hr. Annual

maxima and minima of the upper 10-ft earth temperature are zkummarized

in TabLe 6 of this paper. Until more comprehensive and substantial

data are made available in the future, the values of Table 6 may

serve as tentatilre design criteria for analyzing the heat transfer of

underground structures.



10. Recommendations:
Although a considerable amount of earth temperature data have beon

compiled during this study, deep earth temperature data (to the depth

of more than 3 ft) are conspicuously missing from most of the southern

and western btates as seen from. Fig. 1. Establishment of new earth

temlerature stations in these regions is clearly needed.

The following suggestions should be considered in selecting earth

temperature stations for future studies related to the design require-

ments for shelters:

(1) Earth temperature sites should be close to local weather

stations where simultaneous observations of air temperature,

rainfall, solar radiation and other pertinent records are

kept.

(2) Earth should be bare or covered with short grass. If possible,

two sites should be chosen at the same relative location;

one grass-covered and one bare.

(3) Soil composition and dry density should be determined and the

moisture content should he checked at intervals during the

period of study.

(4' Enough observations should be taken during the day to obtain

a good daily average temperature, particularly at depths less

titan 3 ft.

(5) At least thiree Years of continuous data are needed.

(6) Tempe-atlire should be observed at five or more depths, at

least three of which should be i:7 excess of
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Appendix: Discussion of Least-Squares Technique

Numerous papers are available with respect to the calculation of

earth temperature. Recent papers of Penrod,§.-/ Carson,.10/ and

Langbeinhi-!/are, however, noteworthy from the standpoint of their

distinctly different approaches. Penrod29/ developed equations of a

single harmonic term to describe the annual ground temperature cycles

of Lexington, KentuLky, and Ottawa, Ontario. Carso ln-0/described the

hourly and monthly earth temperatures of Argonne, Illinois, by a

Fourier series of six harmonics.

Langbei•II/ has shown a method of predicting the earth temperature

at a point as a weighted function-of antecedent temperatures at the

ground sut face using the probability integral function.
Examination of Carson's worI10/ reveals that as much as 99.8 and

as little as 93% of the total variance of the annual cycle are accounted

for by the first harmonic. In this paper, therefore, equations of

simple harmonics of the following type have been developed to describe

the monthly earth temperature at several depths using a least-squares

fitting technique:

t A- B cos (WO- P) A-1
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where t - monthly average ground temperature at a point for a given time

A - annual average earth temperature, "F

B - annual amplitude of the earth temperature, *F, at a given

depth

w - angular velocity corresponding to the annual cycle, radian/hr

G - elapsed time from January 1, hr

P = phase angle of the earth temperature at a given depth, radian

The values of A, B, and P have been so determined in this analysis that

the following least-squares relationship has been satisfied:

N
S Z (t - tK)2 -* minimum A-2

K-1

where r. - observed earth temperature at a given point and for a given

time

and N = total number of observed data at a given point

The standard deviation of the least-squares fit values from the

observed temperatures is designated and calculated by the following

relation:

SD JN-3 A-3
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Any time series, sutch as earth temperature data, consisting of a

nitit.e number of equally sp#ced data points can be completely accounted

for by a finite number of sine and cosine term3 in a Fourier Analysis.

This was done exactly by Carson/' for the analysis of a monthly

average and daily average earth temperature series consistlng,

respectively, of 12 and 24 equally spaced data points in Argonne,

Illinois. An examination of Carson's results indicates that the

bigher harmonics of Fourier series have a very minor contribution

to the description of the annual cycle for all the depths. It should

be noted, however, that the higher harmonics show a considerable

influence upon the diurnal earth temperature equations for all the

depths, regardless of the time of year. Since the annual variation

of the monthly average temperature is of a greater interest than the

diurnal variation for the purpose of shelter design, the use of the

higher harmonics is not warranted. It is hypothesized therewith that

any deviation of monthly average soil temperature data from simple

harmonic time function is statistical rather than functional. And it

is also assumed that the constants A, B, and P of equation A-I for a

given temperature point are independent of the year when the data are

taken; namely, they are the intrinsic properties of the particular

point.
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One of the purposes of this study ts then the determination of A,

B, and P at several depths of earth for many soil stations throughout

the United States. Compared with the technique employed by Penrod-2

for the determination of B and P, the least squares technique developed

here is fundamentally more straighttorward, simpler, and requires no

human judgment. The method is better suited for a machine calculation.

The comparison of the least squares technique with the Fourier

analysis or harmonic analysis technique is most interesting. Such

discussion is, however, beyond the scope of this report except that

the Fourier analysis uses the earth temperature data as time dependent

variables (single valued), whereas the least squares technique uses

the earth temperature data as time dependent variates which are random

in nature and multi-valued.

The Langbein techniquel4/is of different nature and beyond the

scope of this discussion.



Using the symbols listed in the Nomenclature section of this

report, a quantity S, is defined by relation A-2 such that

N
S -1 - A + B cos (W -p) A-4

where N does not have to be 12 or its ulultirisr . A, B, and P are

determined by solving simultaneously the following equations

as

-• - 0 A-5

rp 0

The following notations a:e now introduced:

a 0o -

•I " K o mK

a 2  EtK sin WO K
•I=ZCos we.- K

A- 6

t 2 sin we K

t 3 cos2  we

•- r Sill24

t5 sin OK Cos weK
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Relations A-2 become then

a -NA + 8 (Q1 coo P + 12 sin P) - 0

(al " AtI) cos P + (C'2 - AS2) sin P

-- B (V3 Coe P + "r sina P + sin 2P) A-7

(Cl " A I) sin P - (r2 - A'2 Cos P

=B r cos 2- - r4) sin P cos P'
53I

By noting that

W 0r1 " 2 0

!! when 0-- T, K - 1,2 ...... N A-8
3 ~4 2 K N

5 -0

where T - period of the cyclic data, one obtains

A - __

N

I . -t sn + t sin

nd P- tan- - A-9
E t 1  o COK

An advantsax of the least .q-ue- technf~aue emloved in this

analysis is that it does not require conditions A-8. Thus, the earth

temperature observation for certain months could be completely missing

whereas some other months may have several observations. Although

the determination of A, B and P for this procedure is such more

complicated than those expressed by A-9- an 1 tcrative solution of

A-7 is readily obtained by an electronic computer.



Pie iterative solution of A-7 13 actua-ly unnecessary If the

exprefision of A-4 is modified so that the normalized least squares

equation A-5 are all made linear with respect to linearized variables.

It is also porzible to add one more partial derivative term such

0 to A-5 and solve it together with the rebt of the linear normal010

equations. In this way it is possible to find a single (not twu)

thermal diffusivity that will satisfy the least squares requirement

together with other least squares constanLs such as A, B and P.

Further work is in progress along this line and will be discussed

in a iorthcoming report.
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Figures 57-1 to Anual average earth temperature and amplitude plotted
8T-19 against depth

Figures S-1 to Earth temperature phase angle plotted against depth
81-19
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Tables ST-i to Summary of observed earth temperatures, results of
ST-63 leist-Nquares analysis, and calculated earth

temperatures using the least-squares constants for
all of 63 earth temperature stations

Tables STA-1 to Calculated earth temperatures for selected depths and
STA-63 thermal diffusivities, and integrated average

temperature for upper 10-ft earth stratum for 63
earth temperature stations
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sr- I
EARTH TEMPERATURE STATICN AUBURNiALABANA
TYPE OF SOIL SANDY SOIL
TYPE OF EARTH SURFACE UNKMOWN
DATA PROCESSED BY EP.,FITTUN
"DATA SOURCE REFERENCEI4W

PERIOD OF OBSERVATION 18 •9

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACECIN) J F M A M J J A S 0 N D

3.0 48.5 50o5 55.2 65.5 72.2 74.0 86.5 82.2 75.5 64.8 52.2 52.0
6 0 48.2 55.5 53.8 64.8 72.0 73.5 85.8 81.5 75.0 65.2 52.8 51.2

24°0 49.5 50.5 53,8 62.5 70.5 74.2 81.5 80.0 80.8 68.2 58.8 55.0
48.0 52.5 50.5 53.5 59,8 67.2 72.2 77.0 78.0 70.8 70.8 63.5 58.5
96.0 58.0 55.5 55.2 57.2 bl? 67.2 71.0 73.2 75.0 72.5 77.0 63.5

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACE(IN) AVERAGE(A) AMPLITUDEIB) PHASE ANGLE(P) DEVIATION

3.0 65.0 17.5 C.56 3.G
6.0 65.0 16.6 C.56 3.4

24.0 65.5 16.1 0.77 2.0
48.0 64.6 12.8 C.91 1.7
96.0 65.6 10.5 1.53 2.6

CALCULATEC EARTH TEMPERATURES AT OBSERVED DEPTHS(.)

MONTH OF YEAR
DEPTH BELOW
SURFACEIIN) J F M A M J J A S 0 N 0

3.0 48.4 50.7 56.5 65.0 73.2 79.4 81.6 79.4 73.1 64.o 56.4 50.5
6.0 48.7 50.8 56o4 64,6 72.7 78,9 81.3 79.2 73.2 65,2 56.9 51.0

24,O 50.9 51.8. 56.0 62.8 70.1 76.1 79.1 78.3 73.8 67.1 59.6 53.8
48.0 53.6 53.3 55.9 61.1 67.2 72.9 76.3 76.7 73.9 68.8 62.5 57.0
96.0 58.3 56.7 57.1 59.7 63.6 68.1 71.5 73.3 72.8 7).Z 66.2 61.9

B*) BASIC PARAMETERS USED FOR THE CALCULATIO,4

A =65.OBO=1.0vPC=0.49 90=.047 A

.4
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STA.- 1
EARTH TEMPERATURE STATION AUUURNALABAMA

CALCULATEO) FARTI" TEMPeRATURES A7 SELECTED [EPTHS
FOR 0IFFUSIVITY=0.0259 A= 65.0 980= 17.0 AND PO= 0.49

MONTH OF YEAR
DEPTH BELOW
SURFACC(IN) J F M A M J J A S 0 N D

24.0 51.9 52.3 55.9 62.1 68.9 74.9 78.1 77.7 73.9 67.8 60.7 55.0
48.0 55.5 54.5 56.2 60.4 65.6 70.9 74.4 75.5 73.7 69.6 64.1 59.0
72.0 58,5 56.8 57.2 59.7 63.5 67.9 71.3 73.2 72.7 70.3 66.3 62.1
96.0 61.0 59.0 58.5 59.7 62.3 65.7 68.8 71.0 71.5 70.2 67.5 64.2

120.0 62,9 60,9 59.9 60.3 61.9 6494 67.0 69.1 70.1 69.7 68.0 65o6
INTEGRATED

AVERAGE FROM
SURFACE 56.5 55.7 57.2 60.9 65.6 70.2 73.4 74.3 72.7 69.1 64a2 5?.7
ro 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES

AND SELECTED DEPTHS I
DEPTH BELOW DIFFUSIVITIESSURFACEHIN) 0.010 0.020 0.025 0.030 0.040

24.0 76.5 77.5 77,7 17.9 78o2
48.0 72.8 74.9 75.5 75.9 76,5
72.0 69.6 72.4 73.2 13.8 74.6
96.0 67.1 70.1 71.0 71.7 72.8

120.0 65.6 68.1 69.1 t9*9 71.1
INTEGRATED
AVERAGE FROM
SURFACE 71.7 73.7 74.3 74.8 75.5

TO 10 FT.

I
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ST- 2

EARTH TEMPERAJIPE STATION DECATURALABAMA
TYPE CF SOIL SILT LOAM
TYPE CF EARTH SURFACE GRASS
DATA PROCESSED BY
DATA SOURCE US WEATHER R.C.

PERIOD OF OBSERVATION 1949-1951

ORSERVEO MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR

DEPTH BELOW
SURFACEIIN) J F M A M J J A S 0 N D

4.0 39.6 45.3 47.2 55.2 67.0 72.4 75.0 71.9 67.5 61.5 41.1 35.4
12.0 43.7 45.2 46.7 54.6 67. 76.3 77.1 75.9 70.8 64.9 51.6 44.5
24.0 4298 43.R 46.9 51.3 60.1 68.5 70.3 73.3 68.2 62.3 53.6 45.4
48.0 49.2 46.8 49.8 52.5 59.2 67.2 71.3 76.8 72.9 68.6 59.8 51.4
72.0 51.4 50.9 51.1 52.8 58.1 62.9 67.1 72.3 69.0 69.4 65.9 59.4

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACE(IN) AVERAGP(A) AMPLITUDEfB) PHASE ANGLE(P) DEVIATION

4.0 56.9 18.7 C.47 3.9
12.0 60.1 18.0 0.67 3o6
24.0 57.3 15.1 0.82 3.0
48.0 60.6 14.1 1.06 3.6
72.0 61.0 10.8 1.37 3.0

CALCULATED EARTH TEMPERATURES AT OBSERVED DEPTHS(*)

MONTH OF YEAR
DEPTH BELOW
SURFACEIIN) J F M A M J J A S 0 N D

4.0 39.8 42.7 49.6 59.4 68.8 75.8 78.2 ?5.4 68.0 58.4 48.8 42.1
12.0 41.3 43o) 49.1 57.9 66.8 73.8 76.6 74.8 68.5 59.9 50o8 44.2
24.0 43.6 44.4 48.7 56.1. 64.1 70.9 74.3 73.7 69.0 61.8 53.6 47.0
48.0 47.8 46.9 49.,0 53.9 60.0 66.0 70.0 71.1 68.8 64.0 57.7 51o9
72.0 51.5 4c.6 50o. 53.0 57o4 62.4 66.3 68.4 67.8 64.9 60.3 55.5

(0) BASIC PARAMETERS USED FOR THE CALCULATION

A =59.0940=20.0,POO45 9D=.023



STA- 2

EARTH TEMPERATURE STATION DECATURtALABAMA

CALCULATEC EARTH TEMPERATURES AT SELECTED EEPTHS
FOR DIFFUSIVITY=O°025, A= 59.G ,bO= 21.0 AND POx 0.45

MONTH OF YEAR

DEPTH BELOW
SURFACE(IN) J F M A M J J A S C N D

24.0 42.7 43.5 48.2 56.1 64.5 71.7 75.3 74.5 69.5 61.8 53.1 46.2
48.0 47.0 46.1 48.4 53.7 60.3 66.7 70.9 71.9 69.4 64.2 57.4 51.2
F2.0 50.8 48.8 49.5 52.8 57.6 62.9 67.1 69.2 68.4 65.2 60.2 55.0
96.0 53.8 51.5 51.0 52.7 56.0 60.2 64.0 66.5 66.9 65.2 v1.8 57.7

120.0 56,2 53.R 52.7 53.3 55.3 58.5 61.6 64.2 65.3 64.7 -2.5 59.5
INTEGRATED
AVERAGE FROM
SURFACE 48,3 47.5 49.6 54.3 60,1 65.8 69.6 70.5 68.2 63.6 57.6 52.1
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFU•IVITIES
SURFACEHIN) 0.010 0.020 0.025 0.030 0.040

24.0 73.1 74.2 74.5 14.7 75.0
48.0 68.7 71.3 71.9 72.4 73.1
72.0 64.8 68.2 64.2 f9.9 70.9
96.0 61.8 65.4 66.3 67.4 68.7

120.0 59.8 63.0 64.2 f5.2 66.6
INTEGRATED
AVERAGE FROM
SURFACE 67.3 69.8 7005 71.1 71.9
TO 10 FT.



EARTH TEMPERATURE STATION TEMPEtARIZONA 3

TYPE OF SOIL SANDY SOIL
TYPE OF EARTH SURFACE CITRUS GROVE
DATA PROCESSED BYDATA SOURCE US WEATHER R.C.

PERIOC OF OBSERVATION 1957-1959

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
UEPTH BELOW
SURFACE(IN) J F M A M J J A S 0 1 D

8.0 49.? 53.3 60.6 68.9 73.8 81.9 86.4 86.8 78.7 68.9 55.5 50.1
20.0 54.0 56.1 62.5 69.0 74.3 81.5 86.4 87.1 82.6 73.4 62.0 55.9
39.0 56.7 56.6 60.4 65.0 70.4 77.4 82.6 83.5 81.5 75.0 66.3 60.0
89.0 63.2 61.3 61.1 62.8 68.3 70.9 7503 77.6 78.2 75.7 71.7 67.3

RESULTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACE(IN) AVERAGF(AI AMPLITUDEM6) PHASE ANGLEIP) DEVIATION

8.0 68.0 18.6 C.53 2.5
20.G 70.5 16.4 0.66 1.9
39.0 69.7 13.7 C.88 1.1
89.0 69.5 8.6 1.32 1.3

CALCULATEC EARTH TEMPERATURES AT OBSERVED DEPTHS(*)

MONTH OF YEAR
DEPTH BELOW
SURFACEHIN) J F M A M J J A S 0 N 0

8.0 51 ' 53.8 60.0 69.3 78.6 85.7 68.5 66.3 79.6 70.5 61.0 54o2
20.0 53.7 54.7 59.6 67.5 75.9 82.9 86.3 65.3 80.1 72.3 63.7 57.0
39.0 57.0 56.6 59.5 65.5 72.5 79.0 62.9 83.S 60.2 74.4 67.2 60.9
89.0 64.1 61.9 61.7 63.8 67.5 71.9 75.7 76.1 78.2 76.1 72.3 68.0

I() BASIC PARAMETERS USED FOR THE CALCULtiTION

A w70.0tO820.0tPOwO.47 90a.027



STA- 3

EARTH TEMPERATURE STArIUN TEMPEtARIZONA

CALCULATEC EARTH TEMPERATURES AT SELECTED LEPTHS

FOR DIFFUSiVITYxO.025, As 70.0 ,80- 20.0 AND PO= 0.47

MONTH OF YEAR

DEPTH BELOW
SURFACEI|N) J F M A M J J A S 0 N D

24.0 54.5 55.2 59.5 66.9 74.9 81.9 85.4 84.9 80.2 73.0 64.7 58.1
48.0 58.7 57.7 59.8 64.8 71.0 77.1 81.2 82.3 80.0 75.1 6867 62.8
72.0 62.3 60.3 60.9 63.9 68.4 73.6 77.6 79.6 79.0 76.0 71.3 66.4
96.0 65.2 62.9 62.4 63.9 67.0 71.0 74.6 77.1 77.6 76.0 72.8 68.9

120.0 67.4 6S.1 64.0 64.5 66.4 69.4 72.4 74.9 76.0 75.5 73.5 70.6
INTEGRATED
AVERAGE FROM
SURFACE 59.9 59.0 60.9 65.3 70.9 76.3 80.0 81.0 78.9 74.6 68.8 63.6
TO 10 FT.

CALCULATED AUGUST EARrH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACEHIN) 0.010 0.020 0.025 0.030 0.040

24.0 83.4 84.6 84.9 e5.1 85.4
48.0 79.2 81.7 82.3 82.8 83.4
72.Q. 75.4 78.7 79.6 80.3 81.3
90.0 72.6 76.0 77.1 78.0 79.2

120.0 70.7 73.8 74.9 15.8 77.2
INTEGRATED
AVERAGE FROM
SURFACE 77.9 80.3 81.0 81.5 82.3
TO 10 FT.



ST- 4

EARTH TEMPERATURE STATION TUCSONvARIZONA

TYPE OF SOIL UNKNOWN
TYPF OF EARTH SURFACE BARE
DATA PROCESSED BY JEN-HU-CHANG
DATA SOURCE REFERENCE(S)

19%8
PERIOD OF OeSERVATIDN 1937-1938

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH4 BELOW
SURFACEHIN) F M A N J J A S 0 N 0

3.0 53.6 53.9 61.2 75.6 83.2 85.3 80.3 RI.l 79.R 77.0 65.5 53.5
12,0 57.6 56.9 61.4 70.5 77.2 83.4 88.6 90.6 88.8 81.6 71.2 61.1
24.0 62,8 61.9 65.3 70.2 76.2 81.4 86.0 88.1 87.4 81.8 74.3 65.8
72.0 64.7 62.5 63.4 65.5 70.9 75.6 79.1 82.2 83.0 81.0 75o4 68.8

RESULTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACEIIN) AVERAGF(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

3.0 70.9 16.0 C.52 4.4
12.0 74.2 17.1 C,87 1.5
24.0 75.2 13.2 0.96 1.1
72.0 72.7 10.3 1.28 0.8

CALCULATFC eARTH TEMPERATURES AT OBSERVED CEPTHS(*)

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S 0 N 0

3.0 58.0 58.0 62.2 70.1 79.1 87.2 91.9 92.0 87.5 79.7 70.5 62.7
1?.0 59.6 58., 62.3 69.3 77.6 85.5 90.3 91.1 87.4 80.5 71.9 64.4
24.0 61.5 60.2 62.6 68.5 76.0 83.4 88.3 89.8 81.1 81.4 73.6 66.5
72.o 68.1 65.4 65.1 67.5 71.8 77.1 81.7 64.6 84.8 82.4 77.9 72.8

(o) BASIC PARAMETERS USED FOR THE CALCULATION

A =75.0,0O"18.0.POzO.77 @Cz.039



STA- 4
EARTH TEMPERATURE STATION TUCSONvARIZONA

CALCULATED EARTH TEMPERATURES At SELECTED EEPTHS
FOR DIFFUSIVITYuO.025, An 75.0 95O0 18.0 AND PO= 0.77

MONTH OF YEAa
DEPTH BELOW
SURFACEIIN) J F m A M J J A S 0 N 0

24.0 62,4 60.R 62.8 68.2 75.3 82.4 87.4 89.2 87.0 81.7 74.4 61.5
48.0 66.6 64,1 64.4 67,5 72.6 78.4 83.2 85.9 85.6 82.4 77.2 71.5
72.0 69.9 67.1 66.2 67.7 71.1 75.6 79.9 82.9 83.7 82.2 78.7 74.3
96.0 72.5 69.6 68.2 68.5 70.6 73.9 77.4 80.3 81.8 81.5 79.3 76.1

120.0 74.3 71,7 70.0 69.6 70.6 72.9 75.6 78.3 80.0 80.4 79.3 17.1
INTEGRATED
AVERAGE FROM
SURFACE 61.5 65.1 65.5 66.3 12.8 78.1 82.3 84.7 84.4 81.6 76.9 71.9
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED UIFFUSIVITIES
AND ýELECTED DEPTHS

DEPTH BELOW CIFFUSIVITIES
SURFACEIIN) 0.010 0.020 0.025 0.030 0.040

24.0 87.3 88.8 89.2 89.4 89.8
48.0 82.5 85.2 85.9 86.5 8Y.3
72.0 78.7 81.9 82.9 t3.7 84.8
96.0 76.3 79.3 80.3 81.2 62.5

120.0 74.9 77.3 78.3 79.1 80.4
1 NTEGWA rt-
AVERAGE FROM
SURFACE 81.6 84.0 84.7 85.3 86.1
TO 10 FT.



ST- 5
EARTH TEMPERATUIRE STATION BRAWLEY,CALIFORNIA
TYPE OF SOiL SILTY CLAY
TYPE OF EARTH SURFACE. BARE
DATA PROCESSED BY
DATA SOURCE CLIMAtOLOGICAL DATA

PERIOD OF OBSERVATION 1960-1962

ORSERVED P0NTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR

DEPTH BELOW
SURFACEII) . F M A M J J A S 0 N 0

4.0 49.5 55.7 62.8 74.4 78.9 88.2 93.6 94-.2 88.3 76.1 63.0 52.6
8.0 55.8 60.6 65.9 76.0 80.6 89.2 95.6 96.4 91.1 81.8 69.2 60.0

12.0 59.2 62.9 67.7 77.0 81.3 89.8 96.0 97. 93.0 83.6 72.6 63.6
20.0 61.5 64.1 67.9 76.1 80.6 87.7 93.6 95.6 92.6 85.0 75.4 66.7
39,0 65.5 65.9 67.6 73.2 77.5 82.5 88.3 91.2 90.5 85.8 79.1 71.S
79.0 72,8 70.9 70.9 72.8 75.7 78.7 82.7 86.0 87.2 86.1 82.6 77.8

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTHt BELOW STANDARD
SURFACE(IN) AVERAGE(A) AMPLITU0F1B8 PHASE ANGLE(P) DIEVIATZI

4.0 73.2 21.5 C.61 3.0
8.0 76.9 19.4 0.70 2.6

12.0 78.8 18.2 C075 2.3
20.0 79.0 16.3 C.84 1.9
39.0 78.2 12.8 1.08 1°S
79.0 78.7 8.3 1.48 0.8

CALCULATEC EARTH TEMPERATURES AT OBSERVED DEPTHS(*)

MONTH OF YEAR

DEPTH BELOW
SURFACEtIN) N F M A M J A S 0 N 0

4.0 60.0 61.4 67.2 76.5 86.1 94.2 97.9 96.6 90.4 81.4 7l.4 63.7
8.0 61.0 61.9 67.1 75.7 85.0 93.0 96.9 96.1 90.6 82.1 72.5 64.9

12.0 61.9 62.4 67.0 75.1 84.0 91.8 96.0 95.6 90.7 82.7 73.6 66.1
20.0 6tl.8 63.5 67.0 74.0 82.2 89.6 94.1 94.6 90.7 83.8 ?5.4 68.2
39.0 67.8 66.2 67.8 72.5 76.8 85.3 90.0 91.8 90.1 85.4 78.9 72.6
79.0 74.4 71.7 70.9 72.2 75.3 79.5 83.4 66.2 87.1 85.7 82.5 78.5

Io) BASIC PARAMETERS USED FOR THE CALCULATIUNt

A m79.OBOs20.0POu0.6Q 902.019 I



STA- 5
EART#4 TEMPERATURE STATION BRAWLEYCALIFORNIA

CALCULATEC PARTH TEMPERATURES AT SELECTED DEPTHS
FOR flIFFUS|VITYO.0259 A- 79.0 #80m 20.C AND PO 0.60

MONTH OF YEAR
OEPTW BELOW
SURFACEIIN) J F N A N J A S 0 N 0

24.0 64.0 63.6 67.1 73.9 82.0 89.4 93.9 94.4 90.7 61,q 75.6 68.5
48.0 68.4 66.6 68.0 72.3 78.4 84.8 89.4 91.4 89.9 85.6 79.3 ?3e2
72.0 72.1 69.6 69.5 72.0 76.2 81.4 85.7 88.4 88.4 86.0 81.5 76.6
96.0 75.0 72.1 71.3 72.4 75.1 79.0 82.8 85.7 86.7 85.6 82.7 78.9

120.0 71.2 ?4.6 73.1 ?3.2 74.8 77.6 80.7 83.4 84.9 84.8 83.1 80.4
INTEGRATEU
AVERAGE FROM
SURFACE 69,6 68.0 69.2 73.1 78.4 84.1 88.3 90.0 88.7 84.8 ?9.2 73.8
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW OIFFUSIVITIES
SURFACE(IN) 0.010 0.020 0.025 0.030 0.040

24.0 92.7 94.1 94.4 S4.7 9s.0
48.0 87.9 90.7 91.4 91.9 92.7
72.0 83.9 87.4 88.4 E9.1 90.2
96.0 81.1 84.5 85.7 86.6 87.9

120.0 79.4 82.3 83.4 #4.3 85.8
INTEGRATED
AVERAGE FROM
SURFACE 86.7 89.3 90.0 90.6 91.5
TO 10 FT.



ST- 6
EARTH TERP[AATUqE STATIC%4 DAVISCALIFORN|A
TYPE CF SOIL RELENT ALLUVIUM4
TYPE CF FAqIH SURFACE UNCROPPED
DATA PROCESSED BY E.oF|IT101N
DATA SOURCF REFERENCF(4)

PERIOC OF (1eSERVAT:1,N 19e5-1921

OBSERVED MOUN'TI.HLY AVEAA(,F EARTH TEMPERATURES

MONTH OF YEAR

UEPTI- BELOw
SUKFACEIIN) J F u A N J S 0 N 0

0.5 48.0 51.1 5R.4 61.2 74.8 82.0 90.6 86.0 77.4
3.0 48.2 49.9 55.2 61.9 72.9 7A1.9 86.6 83.2 76.4
6.0 48. 50.2 54.5 60.9 72.0 78.0 87.2 84.5 79.4

12.0 48.5 50.2 51.7 60.? 70.8 76.4 84.4 83.0 77.2
24.0 53.? 51.) ';4.6 59.7 68.4 72.9 82.8 82.8 78.2
36.0 vI.2 'S1.4 54.3 60.1 68.8 7?.9 80.8 82.5 78.6

RESLLTS OF LEAST SOUCAES ANALYSIS
DEPTI- BELO% STANDARD
SURFACE1|! J) AVERAGE(A) ANOLITUOE(RI PHASE ANGLE(P) DEVIATION

0.5 67.9 19.4 C.63 2.2
3.0 66.? lq.2 C.67 1.4
6.0 67.( 18.3 C. 1 9 1.5

12.0 65.9 17.4 0.78 1.3
74.0 f.6.? I .2 C.)7 1.5
16 66.3 15.' G.c3 1.3

A



STA- 6
EARTH TIEMPFRATURE STATION DAVIStCALIFORNIA

CALCULATED EARTH TEMPERATURL- AT SELECTED .EPTHS
FCR DIFFUSIVITY=0.025, A= 66.0 ,*B0= 19.0 AND PO= 0.63

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S 0 N 0

24.0 51.9 51.3 54.4 60.8 68.4 75.5 80.0 80.7 77.4 71.1 63.3 56.4
48.0 56.1 54.3 55.4 59.4 65.1 71.2 75.7 77.7 76.5 72.5 66.6 60.8
72.,0 59,6 ý7.1 56.9 59.1 63.1 68.0 72.2 74.8 75.0 72.8 68.7 64.0
96.0 62.4 59.7 58.7 59.6 62.1 65.8 69.4 72.2 73.3 72.4 69.Y 66.1

120,0 64.4 61.9 60.5 60.4 61.9 64.5 67.4 70.1 11.6 71.5 70.0 67.5
INTEGRATED
AVERAGE FROM
SURFACE 57.2 55.5 56.5 60.L 651.2 10.6 74.6 76.4 75.4 71.8 66.6 61.3
TO 10 FT.

CALCULArEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIViTIES
AND SELECTEf) OEPTHS

DEPTH BELOW CIFFUSIVITIES
SURFACE(IN) 0.010 0.020 0.025 C.030 0.040

24.0 7ý.0 80.4 80.7 81.0 81.3
48.0 74.4 77.0 77.7 78.3 79.0
72.0 70.6 73.9 74.3 65.6 76,6
96.0 67.9 71.1 72.2 13.1 74.4

120.0 66.3 69.0 70.1 70.9 72.3
INTEGRATED
AVERAGE FROM
SURFACE 73.3 75.7 76.4 77.0 77.8
TO 10 Ft.



ST- 7

EARTH TEMPERATURE STATION FT. COLLINSsCOLO.
TYPE CF SOIL UN KNOWN
TYPE CF EARTH SURFACF UNKNUWN
DATA PROCESSED BY E.P.FITTON
DATA SOURCE REFERENCE(4)

IPERIOD OF (JESERVAT[ION 18E9-1927

neSERVED FONTt-LY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR

DEPTIH BELOW
SURFACEIIN) J F M A M J J A S 0 N 0

3.0 27.7 29.6 36.5 46.0 56.5 66.7 71.4 69.3 61.1 48.3 36.7 29.7
6.0 29.3 30.6 37.1 47.4 56.6 67.0 71.9 70.4 62.8 50.8 39.0 30.2

12.0 32.8 31.1 36.6 45.5 55.8 65.5 70.9 70.1 63.7 52.3 40.7 3392
24.0 32.9 32.7 36.8 45.3 53.3 62.5 68.5 68.8 64.0 54.4 43.7 36,5
36.0 35.4 32.6 37.1 43.6 51.1 59.1 65.2 66.6 63.4 55.5 46.0 38.9
72.0 42.5 40.5 40.8 44.2 48.8 54.2 59.2 61.8 62.0 58.0 52.1 46.5

RESULTS OF LFASI SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACE(IN) AVERAGF(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

3.0 48.4 22.1 C.58 1.2
6.0 49.5 21.9 C.61 1.2

12.0 50.0 20.4 0.69 1.5
24.0 50.0 18,6 C.78 0.9
36.0 49.6 16.6 0.90 0.8
72.0 50.9 10.1) 1.21 0.5



STA- 7
EARTH TEMPERATURE STATION FT. COLLINSvCOLU.

CALCULATEC EARTH TEMPERATURES AT SELECTFD DEPTHS
FOR DIFFUSIVITY=0.025, A= 50.0 tBO= 24.0 AND PO= 0.54

MONTH OF YEAR
DEPTH BELOW
SURFACEIIN) J F M A H J A S U N 0

24.0 31.7 31.8 36.4 45.0 54.7 63.3 68.2 6f;.2 63.2 54.8 44.9 36.6
48.0 36.9 35.1 37.2 42.8 50.1 57.7 63.0 64.9 62.6 57.1 49.5 42.2
72.0 41o2 38.6 38.8 42.1 47.3 53.5 58.6 61.4 61.1 57.9 52.4 46.4
96.0 44.8 41.7 40.8 42.3 45.8 50.6 55.0 58.3 59.2 57.6 54.0 49.3

£20.0 47.4 44.4 42.9 43.2 45.3 48.7 52.4 55.6 57.1 56.8 54.6 51.2
INTEGRATED
AVERAGE FROM
SURFACE 38.3 36.8 38.6 43.6 50.1 56.8 61.5 63.2 61.2 56.3 49.5 43.1
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACEHIN) 0.010 0.020 0.025 0.030 0.040

24.0 66.3 67.9 68.2 68.5 68.9
48.0 60.9 64.0 64,9 65.5 66.3
72.0 56.2 60.3 61.4 62.3 63.6
96.0 52.8 56.9 58.3 59.3 60.9

120.0 50.6 54.2 55.6 56.7 58.4
INTEGRATED
AVERAGE FROM
SURFACE 59.4 62.3 63.2 63.9 64.9
TO 10 FT.



ST- 8
EARTH TEPPFRATURE STATION FT. COLLINSCOLO.
TYPE CF SOIL UNKNOWN
TYPE OF EARTH SURFACE GRASS
DATA PROCESSED flY JEN-HU-CHANG
DATA SOURCE REFERENCE(5)

1958
PERICC OF ORSERVATInN 19C6-1946

OBSERVED PONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR

DEPTH BELOW
SURFACEIIN) J F M A M J J A S 0 N 0

3.0 28.1 30.2 37.1 47.1 56.8 67.2 72.6 70.3 61.7 49.0 37.2 30.2
6.0 29.4 31.0 37.4 47.8 57.0 67.3 72.3 71.1 63.3 51.2 39.1 31.7

12.0 30.7 31.6 37.2 47.3 56.4 66.1 72.1 71.2 64.4 53.1 41.2 33.8
24.0 33.3 33.7 37.3 45.8 54.2 63.2 69.6 69.8 64.7 55.1 44.4 37.0
36.0 36.1 35.4 37.8 44.5 52.1 60.1 66.6 68.0 64.6 56.6 47.2 40.0
72.0 43.1 41.2 41.5 44.9 49.9 55.8 61.1 63.9 63.5 59.3 53.3 47.4

RESULTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACE(IN) AVERAGE(A) AMPLITUDE(B) PHASE ANGLEIP) DEVIATION

3.0 49.1 22.2 C.58 1.3
6.0 50.0 21.8 0.61 1.1

12.0 50.5 21.1 0.67 1.0
24.0 50.7 18.9 C.78 0.9
36.0 50.8 16.5 0.90 0.8
72.0 52.1 11.6 1.19 0.4

CALCULATEC EARTH TEMPERATURES AT OBSERVED DEPTHSi()

MONTH OF YEAR
DEPTH bELCW
SURFACE|IN) J F M A M J J A S 0 N 0

3.0 26.7 29.3 37.0 48.7 60.3 69.5 73.3 70.8 62.5 51.1 39.1 30.4
6.0 27.4 29.6 36.9 48.1 59.5 68.6 72.6 70.5 62.7 51.7 40.0 31.3

12.0 28.8 30.3 36.6 47.0 57.8 66.8 71.2 69.8 63.0 52.9 41.7 33.0
24.0 31.5 31.7 36.4 45.1 54.9 63.6 68.4 68.4 63.2 54.7 44.7 36.3
36.0 34.1 33.2 36.6 43.8 52.4 60.6 65.8 66.8 63.1 56.1 47.1 39.2
72.0 40.8 38.2 38.6 42.1 47.6 53.9 59.0 61.8 61.3 57.8 52.1 46.0

(.) BASIC PARAMETERS USED FOR THE CALCULATION

A =50.0OB=24,OPOO=.54 pD=.027



STA- 8
EARTH TEMPERATURE STATION FT. COLLINSiCOLO.

CALCULATEC EARTH TEMPERATURES AT SFLECTED CEPTHS
FOR DIFFUSIVITY=0.0259 A= 50.0 8O0= 24.0 AND PO= 0.54

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S 0 N D

24.0 31.7 31.8 36.4 45.0 54.7 63.3 68.2 68.2 63.2 j.8 44.9 36.6
48.0 36.9 35.1 37.2 42.8 50.1 5717 63.0 64.9 62.6 57.1 49.5 42.2
72.0 41.2 38.6 38.8 42.1 47.3 53,5 58.6 61.4 61.1 57.9 52.4 46.4
96.0 44.8 41.7 40.8 42.3 45.8 50.6 55.0 58.3 59.2 57.6 54.0 49.3

120.0 47.4 44.4 42.9 43.2 45.3 48.7 52.4 55.6 57.1 56.8 54.6 51.2
INTEGRATED
AVERAGE FROM
SURFACE 38.3 36.8 38.6 43.6 50.1 56.8 61.5 63.2 61.2 56.3 49.5 43.1
T0 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACE(IN) 0.010 0.020 0.025 0.030 0.040

24.0 66.3 67.9 68.2 08.5 68.9
48.0 60.9 64.0 64.9 65.5 66.3
72.0 56.2 60.3 61.4 62.3 63.6
96.0 52.8 56.9 58.3 59.3 60.9

120.0 50.6 54.2 55.6 !6.7 58.4
INTEGRATED
AVERAGE FROM
SURFArF 59.4 62.3 63.2 63.9 64.9
TO 10 FT.



ST- 9

EARTH TEMPERATURE STATION FT. COLLINSCOLO.

TYPE OF SOIL LOAM
TYPE CF EARTH SURFACE SPARSE VEGETATION
DATA PROCESSED BY
DATA SOURCE CLIMATOLOGICAL DATA

PERIOC OF OBSERVATION 1960-1961

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACEIIN) J F M A M J J A S 0 N 0

3.0 27.8 31.4 38.5 51.7 61.8 71.1 78.8 77.7 66.1 53.7 38.1 31.9
6.0 28.4 31., 38.1 53.2 61.7 70.7 78.7 77.9 66.9 54.9 40.3 33.0

12.0 28.8 31.4 36.0 49.6 58.1 66.4 75.0 74.7 65.0 53.9 40.6 33.8
24.0 32.1 33.0 36.5 48.0 55.9 63.4 71.1 71.8 65.4 56.1 44.4 37.2
36.0 34.7 34.5 36.6 46.1 53.7 60.3 68.2 69.9 65.5 57.5 47.3 40.0
72.0 2*23 40.2 40.2 44.2 49.2 54.6 60.6 64.1 63.9 59.3 52.9 46.7

RESULTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACEHIN) AVERAGE(A) AMPLITUDE(B) PHASE ANGLE(PI DEVIATION

3.0 52.5 25.2 C.58 3.6
6.0 53.1 24.7 0.60 3.0

12.0 51.2 22.8 C.66 2.6
24.0 51.3 19.9 0.77 2.1
36.0 51.3 17.8 C.89 1.9
72.0 51.6 12.1 1.21 0.9

CALCULATEE EARTH TEMPERATURES AT OBSERVED CEPTHS(*)

MONTH OF YEAR
DEPTH BELOW
SURFACEHIN) J F M A M J J A S 0 N 0

3.0 24.8 27.6 35.9 48.5 61.2 71.1 75.2 72.5 63.5 51.2 38.3 28.8
6.0 25.6 28.0 35.7 47.8 60.2 70.1 74.4 72.1 63.7 51.9 39.3 29.8

12.0 27.1 28.7 35.5 46.6 58.3 68.1 72.8 71.4 64.1 53.2 41.2 31.8
24.0 30.2 30.3 35.3 44.6 55.0 64.4 69.7 69.7 64.3 55.3 44.5 35.5
36.0 33.1 32.1 35.6 43.1 52.3 61.1 66.7 67.9 64.2 56.7 47.2 38.8
72.0 40.6 37.7 37.9 41.4 47.1 53.7 59.2 62.3 62.0 58.5 52.6 46.2

(o) BASIC PARAMETERS USED FOR THE CALCULATION

A 50.OR8=26.OtPC=0.54 ,O=.0)25



STA- 9
EARTH TEMPERATURE STATIUN FT. COLLINSCOLO.

CALCULATED EARTH TEMPERATURES AT SELECTED CEPTHS
FOR DIFFUSIVITY=0.025, A= 50.0 98O= 26.0 AND PO= 0.54

MONTH OF YEAR

DEPTH BELOW
SURFACEIIN) J F M A M J J A S 0 N 0

24.0 30,2 30.3 35.3 44.6 55.0 64.4 69.7 69.8 64.3 55.2 44.4 35.4
48.0 35.8 33.9 36.1 42.2 50.2 58.3 64.0 66.1 63.7 57.7 49.4 41.6
72.0 40.5 37.6 37.9 41.4 47.1 53.8 59.3 62.4 62.0 58.5 52.6 4661
96.0 44.3 41.0 40.0 41.7 45.5 50.6 55.5 59.0 59.9 58.3 54.3 49.3

120.0 47.2 43.9 42.3 42.6 44.9 48.6 52.6 56.0 57.7 57.4 55.0 51.3
INTEGRATED
AVERAGE FROM
SURFACE 37,3 35.7 37.6 43.0 50.1 5r.4 62.5 64.3 62.2 56.9 49.5 42.5
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACE(IN) 0.010 0.020 0.025 0.030 0.040

24.0 67.7 69.4 69.8 70.1 70.5
48.0 61.8 65.2 66.1 66.8 67.7
72.0 56.7 61.1 62.4 63.3 64.7
96.0 53.0 57.5 59.0 60.1 61.8

120.0 50.7 54.6 56.0 57.2 59.1
INTEGRATED
AVERAGE FROM
SURFACE 60.2 63.4 64.3 65.1 66.1
TO 10 FT.



ST-tO
EARTH TEMPERATURE STATION GAINESVILLE#FLA.
TYPE CF SOIL SAND
TYPE CF EARTH SURFACE SO•
DATA PROCESSED BY
OAT4 SOURCE CLIMATOLOGICAL DATA

PERIOD OF OBSERVATION 1940-1961

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR

DEPTH BELOW
SURFACEIIN) J F M A M J J A S a N 0

1.0 60.4 62.9 69.5 76.2 86.2 86.1 88.1 86.6 83.7 77.7 70.9 61.1
4.0 59.9 61.4 67.7 74.3 8O.S 83.5 86.0 85.1 82.2 76.6 69.8 59.9
8.0 59.5 60.1 63.8 72.8 79.3 82.9 85.7 85.0 82.4 76.6 69.8 60.0

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACECIN) AVERAGr.(AD AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

1.0 75.9 14.0 C.52 2.9
4.0 74.0 13.2 C.59 .2.4
8.u 73.3 13.7 0.67 2.8



SrA-1O
EARTH TEMPERATURE STATION GAINESVILLEtFLA.

CALCULATEC FARTH TEMPERATURES AT SELECTED LEPTHS
FO'. OIFFUSIVITY=O.0259 A- 74.0 9BOa 10.0 AND POz 0.60

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S 0 N D

24.0 66.5 66.3 68.0 71.5 15.5 79.2 81.4 81.7 79.8 76.5 72.3 68.7
48.0 68.7 67.8 68.5 70.7 73.7 76.9 79.2 80.2 79.4 77.3 74.2 71.1
72.0 70.6 69.3 69.3 70.5 72.6 75.2 77.4 78.7 78.7 77.5 75.3 72.8
96.0 72.0 70.6 70.2 70.7 72.1 74.0 75.9 77.3 77.8 77.3 75.9 74.0
120.0 73.1 71,9 71.1 71.1 71.9 73.3 74.8 76.2 76.9 76.9 76.0 74.7

INTEGRATED
AVERAGE FRUM
SURFACE 69.3 68.5 69.1 71.0 73.7 76.6 78.6 79.5 78.8 76.9 74.1 71.4
TO 10 FT.

CtLCLLArEO WUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACE(IN) 0.010 0.020 0.025 0.030 0.040

24.0 80.8 81.5 81.7 81.8 82.0
48.0 78.5 79,8 80.2 80.5 80.8
72.0 76.5 78.2 78.7 79.1 79.6
96.0 75.0 76.8 77.3 77.8 18.5

120.0 74.2 75.6 76.2 76.7 77.4
INTEGRATED
AVERAGE FROM
SURFACE 77.9 79.1 79.5 79.8 80.2
TO 10 FT.



ST-11
EARTI TEMPFRATU4E STATION ATHENSGA.
TYPE CF SOIL SAf•DY LOAM
TYPE OF FARIH SURFACF THIN GRASS
DATA PROCESSED BY
DATA SOURCE CLIMATOLOGICAL DATA

PERICU OF OBSERVATIOIN 19t0-1962

OBSERVED PC.NTHLY AVERAGE EARIH TEMPERATURES

MONTH OF YEAR
DEPTh BELOW
SURFACE(IN) J F M A M J J A S 0 N

2.0 44.8 51.7 52.4 60.0 76.0 80.9 83.7 82.4 78.4 70.5 58.7 45.8
4.0 44.1 51.3 51.R 60,0 75.2 79.9 83.2 81.6 77.8 69.5 58.1 46.3
8.0 46.2 52.8 54.1 61.2 75.5 80.6 83.6 83.5 80.0 72.4 60.3 49,4

RESLLTS OF LFASr SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACE(IN) AVERAGF(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

2.0 65.4 20.1 L.66 3.0
4.0 64.9 19.7 0.66 2.9
R.O 66.6 19.1 C.70 2.8

I



STA-I1
EARTH TEPPERATURE STATIUN ATIENS*GA.

CALCUIATEC EARTH TEMPERATURES AT SELECTED CEPTHS
FOR DIFFUSIVITY=O.025, A= 67.0 ,BOJ 18.0 AND PO= 0.60

MONTH OF YEAR
DEPTH BELO.W

SURFACEHIN) J F M A M J J A S 0 N 0

24.0 53.5 53.1 56.3 62.4 69.7 76.4 80.4 80.9 77.5 71.4 ý4.0 57.5
4a.0 57.5 55.9 57.1 6b.0 66.4 72.2 76.4 78.1 76.8 72.9 67.1 61.7
72.0 60.8 58.5 58.5 60.7 64.5 69.1 73.0 75.4 75.5 13.3 69.3 64.8
96.0 63.4 61.0 60.1 61.0 63.5 67.0 70.4 73.0 73.9 72.9 70.3 66.9

120.0 65.4 63.0 61.7 61.8 63.2 65.7 68.5 71.0 72.3 72.2 70.7 68.2
INTEGRATED
AVERAGE FROM
SURFACE 58.5 57.1 58.2 61.7 66.5 71.6 75.3 7o.9 75.7 72.3 67.2 62.3
TO 10 FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTEr) DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACE(IN) 0.010 0.020 0.Oi5 C.030 0.040

24.0 79.3 80.6 90.9 81.1 81.4
48.0 75.0 77.5 78.1 78.6 79.3
72.0 71.4 74.5 75.4 76.1 77.1
96.0 68.9 72.0 73.0 73.8 75.0

120.0 67.3 69.9 71.0 71.8 73.1
INTEGRATED
AVERAGE FROM
SURFACE 74.0 76.2 76.4 17.4 78.2
ro 10 FT.



ST-I2
EARTH TEMPERATURE STATIOC! TIFTfNvGA
TYPE CF SOIL LOAMY SAND
TYPE CF EARTIH SURFACE GRASS
DATA PROCESSED RY JEht-HU-CHANG
DATA SOURCE REFERENCEI 5)

1958
PERICC OF OCSERVATInN 1954-1955

UOSERVED MIONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR

DEPTH BELOW
SURFAC.IN) J F M A N J J A S 0 N 0

3.0 47.5 51.5 65.0 74.8 85.5 90.2 89.5 89.8 83.0 b9.8 56.2 49.5
6.0 54.9 57.2 64.8 74.6 78.5 83.5 85.2 86.0 80.0 74.2 62.2 54.5

RESLLTS OF LEAST SQUAR(ES ANALYSIS
DEPTH BELOW STANDARD
.URFACE(IN) AVERAG.-(A) AMPLITUDE(B) PHASE ANGLEIP) DEVIATION

3.0 71.1 22.5 C.40 2.4
6.0 71.4 10.0 0.50 2.1



STA- 12

EARTH TEmPERATIJIF SfATIUN TIFTON,rA

CALCULATED EARTH TEMPERATURES AT SELECTED CEPTHS
FOR DIFFUSIVITY=0.O259 A= 71.0 ,BQ= 16.0 AND PO= 0.60

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S 0 N D

24.0 59,0 58.7 61.4 67.0 73.4 79.3 82.9 83.3 80.3 74.9 68.3 62.6
48.0 62.5 61.1 62.2 65.7 10.5 75.6 79.3 80.9 79.7 76.2 71.2 66.3
12.0 65.5 63.5 63.4 65.4 68.8 72.9 76.4 78.5 78.5 76.6 73.0 69.1
96.0 67,8 65.6 64.9 65.7 67.9 71.0 74.1 76.3 77.1 76.3 74.0 70.9

120.0 69.5 67.5 66.3 66.4 67.6 69.9 72.3 74.5 75.7 75.6 74.3 72.1
I1NTEGRATED
AVERAGE FROM
SURFACE 63.5 62.2 63.1 66.3 70.6 75.1 78.4 79,8 78.8 75.7 71.2 66.8
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES

SURFACEI IN) 0.010 0.020 0.025 0.030 0.040

24.0 R1.9 83.1 83.3 83.5 83.8
48.0 78.1 80.3 80.9 61.3 81.9
72.0 74.9 77.7 78.5 79.1 80.0
96.0 72.7 75.4 76.3 17.1 78.1

120.0 71.3 73.6 74.5 75.3 76.4

INTEGRATED
AVERAGE FROM

SURFACE 77.2 79.2 79.8 W0.3 81.0
TO 10 FT.



ST-12
EARTH TEMPERATUIP STATION TIFTfNGA
TYPE CF SOIL LOAMY SAND
TYPE CF FART4 SIJURFACL GRASS
DATA PROCESSED OY JEN-HU-CHANG
DATA SOURCE REFERENCE(S)

19t8
PF.RIC0 (F OOSERVATICN 1954-1955

OBSERVED PONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR

DEPTH BELOW
SURFACEIN) d F M A M J d A S 0 N D

3,0 47.5 51.5 65.0 74.8 85.5 90,2 89.5 89.8 83.0 69.8 56.2 49.5
6.0 54,9 57.2 64.8 74.6 78.5 83.5 85.2 86.0 80ý0 74.2 62.2 54.5

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACE(IN) AVERAG;E(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

3.0 71.1 22.5 C.40 2.4
6.0 71.4 16.0 0.50 2.1



5T-13

EARTH TEP•PLATUjt STATION*4  MOSCOW,1DAHO
TYPE CF S011. UNPKUPWN
TYPE CF EARTH SUtrACE UNKNOWN
DATA PRUCESSED Bv E.PFITrON
DATA SOURCE REFERENCE(4)

PERIMlC OF OeSERVAtIfN 188-1901

OBSERVED MCNTHLY AVERAGE EARTH TEMPERATURES

MLONTH UF YEAR

DEPTH BELOW
SURFACECIN) J F M A M J J A S U N

3.0 30.8 28.* 34.4 41.2 51.2 58.0 64.1 67.5 54.6 47.8 40.8 33.8
6.0 31.8 30.? 34.6 42.4 48.6 56.0 63.6 65.4 56.8 5O.5 41.6 34.6
9.0 32.8 31.0 35.0 45.9 48.9 54.8 62.9 64.9 57.5 51.8 42.8 36.4

12.0 38.2 32.1 35.4 44.7 48.4 54.8 62.2 64.3 58.1 52.2 43.6 37.4
24.0 35.8 34.5 36.2 44.5 47.5 52.9 59.2 62.5 58.2 53.2 45.8 39.2
36.0 37.8 36.2 37.0 40.5 46.2 50.1 55.9 60.0 57.8 53.8 48.0 41.6
48.0 39.8 38.0 '8.O 40.5 45.4 48.8 53.7 58.1 57.1 53.8 48.8 43.4
60.0 40.8 39.5 38.8 40.6 44.6 47.5 51.8 56.3 56.5 54.0 49.6 44.6

72.0 42.8 40,8 39.6 41.5 44.6 47.1 50.6 54.7 55.5 54.0 51.6 46.2

RESLLTS OF LfAST SQUARES ANALYSIS
DEPTI- BELCW STANDARD
SURFACE(IN) AVERAGE(A) AMPLITUDE(R) PliASE ANGLE(P) DEVIATI ON

3.0 46.2 17.6 C.73 2.2
6.0 46.5 16.6 C.80 1.6
9.0 47.1 15.6 C.82 1.9

12.0 47.P 14.3 C.88 2.1
?4,0 47.5 13.1 C.96 1.4
36.0 47.1 11.4 I.1s 0.9
48.0 47.2 q.q 1.26 0.8
60.0 47.1 8.8 1.38 0.8
12.0 47.5 7.7 1.52 0.7

CALCULATEC FARTH TEMPERATURES AT OBSERVED LEPTHS(tJ

MONTH OF YEAR

DEPTI- BELOW
SURFACEIIN) J F M A M J J A S 0 N )

3.0 30.1 30.3 34.7 42.7 51.5 59.5 63.8 63.? 59.0 51.2 42.0 34.4
6.0 30.R 30.7 34.7 42.3 50.8 58.6 63.1 63.3 59.0 51.6 42.7 35.3
9.0 31.5 31.1 34.8 41.9 50.2 57.8 62.4 62.9 59.0 52.0 43.4 36.1

12.0 32.2 31.h 34.* 41.6 49.5 57.1 61.7 62.5 58,9 52.3 44.1 36.8
24.0 34.8 33.3 35.3 40,5 47.4 54.3 59.1 60.7 58.5 53.4 46.3 39.6
36.0 37.2 35.1 36.0 40.0 45.7 51.9 56.7 58.9 57.8 53.9 48.0 42.0
48.0 39.3 36.8 37.0 39.8 44.5 50.0 54.5 57.1 57,0 54,1 49,3 44,0
60o0 41.Z 38. 38.0 39.9 43.6 48.4 52.6 55.5 56.0 54.1 50.Z 45.6

12.0 42.8 4C.n 39.1 40.2 43.1 47.1 51.0 53.9 54.9 S3.8 50.8 46.8

(.1 BASIC PARAMETERS USED FOR THE CALCULATION

A =4?.O,0=I8.O0PCwO.73 ,u.019I



STA-13

[ART" TEMPf4xT9WE SfAtlIN MOSCOw,|IAHO

CALCULATEC EARTH TEMPERATURES AT SELECTED LEPTHS
FOR UIFFUSIVITY=O.025, A= 47.0 ,bO0 18.0 AND P0= 0.73

MONTH OF YEAR

DEPTH BELOW
SURFACEIIN) F A M J A S U N 0

24.0 34.2 32.9 35.1 40.7 47.R 54.9 59.7 61.1 58.6 53.1 45.R 39.0
48,0 38.3 36.0 36.5 39.8 45.0 50.9 55.5 58.0 57.4 54.1 48.? 43.1
72.0 41.6 38.9 38.3 39.9 43.4 48.0 52.2 55.1 55.7 540 50G.4 *5o9
96.0 44.2 41.5 40.2 40.6 42.8 46.1 49.6 52.5 53.9 53o4 51.1 47.8

120.0 46.0 41.5 42.0 41.6 42.7 45.1 47.8 50,4 52.1 52.4 51.2 4A.9
INTEGRATE&
AVERAGE FROM
SURFACE 39.3 37.? 37.6 40.6 45.2 50.4 54.6 56.8 56.3 53.3 48.5 43.5
To 1O FT.

CALCULATED AUGUST EARTH TEMPFRATURE AT SELECTED OIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW OtFFUSIVITIES
SURFACEIIN) 0.010 0.02'l 0.025 0.03f! 0.340

24.0 59.3 60.8 61.1 tl.4 61.8
48.0 54.6 57.3 58.0 58.5 59.0
72.0 50.9 54.1 55.1 5.O 56.9
96.0 48.4 51.5 52.5 53.3 54.6

120.0 47.U 49.4 50.4 '1.3 52.6
INTEGRATED
AVERAGE FRCM
SURgACE 53.7 56.1 56.a 57.3 58.2
TO 10 FT.



ST-L4
EARTH TEfIVfMATUPE ýJATION ARGONNE, ILL |OIS
TYPE CF SOIL SAIDY CLAY
TYPE CF EARTH SURFACF PASTURE GRASS
DATA PROCFSSED BY J.E.CARSON

DATA SOURCE REFERENCE(|O)
1963

PERIOD OF OeSERvTION 19!3-1955

OPSERVED PGNTfN.Y AVERAGF EARTH TEMPERATURES

MONTH OF YEAR

DEPTI- BELOW
SURFACEHIN) J F m A M J J A S 0 N 0

C. 24.0 29.3 33.6 49.4 57.4 68.9 73.6 71.3 64.1 53.2 37.6 26.4

0.4 31.7 32.5 37.6 50.1 60.7 72.0 78.0 76.0 67.2 56.5 42.6 33.7
3.9 31.8 32.1 36.5 48.9 59.7 71.3 77.1 75.2 66.6 56.4 42.5 33.6
7.9 32.9 32.5 36.4 47.9 58.1 69.2 75.2 74.1 66.8 57.3 44.2 35.0

10.7 35.8 34.5 37.0 45.7 S5.0 64.8 70.9 71.6 66.7 59.1 47.9 38.9
39.4 40.0 37.9 38.6 43.9 51.6 59.5 65.9 68.1 66.0 60.6 52.2 44.5

120.0 50.3 47.' 45.8 45.3 47.0 50.1 53.9 57.3 59.2 59.2 51.3 54.1
348.0 52.3 52.4 52.5 51.9 51.5 51.2 50.6 5C.7 51.0 51.3 51.6 52.2

RESLITS OF LEAST SQUARES ANALYSIS

DEPTH BELOW ST ANDARU
SURFACE(IN) AVFRAGEIA) AMPLITUDEIB) PHASE ANGLE(P) DEVIATION

0. 49.2 24.7 C.60 3.2
0.*4 53.3 23.7 C.65 1.9

3.9 52.ai 23.4 0.66 2.1
22.2 C.72 1.8

19.7 52.4 19.1 0.86 1.4
39.4 52.5 15.3 1.07 1.0

120.0 52.3 7.0 1.85 0.5
348.0 51.6 0.9 4.08 0.3

CALCIJLATFC FARTH TEMPERATURES AT OBSERVED DEPT14S(*)

MONTH OF YEAR

DEPTH BELOW
SURFACEIN) . F m A M J J A s 0 N D

0. 28.3 29.4 15.8 46.7 58.4 68.5 73.6 72.7 65.1 S5.1 43.0 33.4
C.4 78.4 29.4 35.8 46.6 58.3 68.3 73.5 72.6 65.8 -5.2 43.1 33.5
3.9 29.3 24.9 35.6 46.0 57.3 67.2 72.5 72.1 65.8 55.8 44.1 34.6
7.9 30.3 30.5 35.7 45.4 56.3 66.1 71.5 71.6 65.9 56.4 45.2 35.8

19.7 33.2 32. ),%.0 44.0 53.6 62.8 68.6 69.5 65. 57.9 47.9 39,1
19.4 37.7 35.3 J7.0 42.5 50.1 58.2 64.1 66.6 64.8 59.4 51.5 43.7

120.0 49.3 46.1 44.2 44*.0 45.7 48.8 52.5 55.8 57.8 58.0 56,2 53.1

148.0 51.7 51.4 51.6 51.3 50.9 50.6 50.3 50.2 50.4 50.7 51.i 51.4

(0. BASIC PAAAMETERS USED FOR THE CALCULATION

A =51.0,8023.0,PC-O.10 ,0-.026



SrA-14
EARTH TEMPERATUREf, STATION ARGONNEtILLINOIS

CALCULATED rARIH TEMPERATURES AT SELECTED CEPTHS
FOR DIFFUSIVIfY=O.025, A- 5loO obO= 23.0 AND POz 0.70

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S 0 N 0

24.0 34.4 33,0 36.2 43.5 52.6 61.6 67.4 69.0 65.6 54.4 4R89 40.3
48.0 39.6 36.9 37.7 42.2 4R.9 56.3 62.2 65.1 64.1 59.7 52.8 45.6
72.0 43.9 40.5 39.9 42.2 46.7 52.6 57.9 61.4 62.1 59.8 55.0 49.3
96.0 47.2 43.8 42.2 43.0 45.8 50.2 54.6 58.2 59.8 59.0 56.0 51.8

120.0 49.6 46.4 44.5 44.2 45.7 48.1 52.2 55.5 57.6 57.8 56.2 53.2
INTEGRATED
AVERAGE FROM
SURFACE 40.9 38.4 3').2 43.2 49.1 55.7 60.9 63.6 62.7 58.8 52.6 46.2
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES

SURFACE(IN) o.c10 0.3020 O.uiti 0.030 0.040

24.0 66.7 68.5 69.0 f9.3 69.8
4H.0 60.9 64.2 65.1 65.8 66.7
72.0 56.2 60.2 61.4 (2.3 63.7
96.0 53.0 56.9 58.2 59.3 60.9
1 Z 0. 0 51.1 54.3 55.5 56.6 58.3

INTEGRATED
AVERAGE FROM
SURFACE 59.7 62.6 63.6 64.3 65.3
TO 10 FT.



FARfI. TEMPEUATURE STATION L.EP•'NTILLINOIS
TYPE OF SOIL UNKNOWN
TYPE CF EARTH SURFA( E GRASS
DATA PROCFSSED "BY JE-HIU-CHANG
DATA SOURCE REFERENCE(M)

1958
PERIC Or OeSERVATION 1952-1954

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S 0 N 0

0.4 31,2 32.8 37.8 48.9 59.9 73.4 76.2 75.1 66.5 57.4 42.4 33.8
3.9 31.3 32.4 36.8 47.5 58.7 72.9 75.8 74.7 65.9 57.5 43.3 34.0
7.9 32.4 32.8 36.8 46.4 57.1 70.4 74.2 73.4 66.1 58.2 45.0 35.6

19.7 35.2 34.8 37.2 44.8 54.0 65.6 70.6 71.0 66.3 59.6 48.6 39.4
39.4 39,3 37.R 38.7 43.4 50.6 59.8 65.7 67.6 65.8 60.6 52.0 44.4

120.0 50.2 47.4 45.8 45.2 46.6 49.7 53.5 56.8 58.7 58.6 56.0 53.6
348.0 52.2 52.2 52.1 51.8 51.3 51.0 50.1 50.2 50.5 50.8 51.4 51.9

RFSLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACEIIN) AVERAGE(A) AMPLITUDEWB) PHASE ANGLE(P) DEVIATION

0.4 53.1 23.4 C*66 1.4
3.9 52.7 23.2 0.69 1.5
.9, 52.. ei. C.74 1.3

19.7 52.4 19.0 C-88 0.9
39.4 52.2 15.3 1.08 0.6

120.0 51.9 6.8 1.84 0.4
348.0 51.3 1.0 4.14 0.1

CALCULATEC EARTH TEMPERATURES AT OBSERVED DEPTHS(*)

MONTH OF YEAR
DEPTH BELOW
SURFACEIIN) J F M A M J J A S 0 N D

0.4 29.2 30.9 37.7 48.8 60.4 70.1 74.7 73.2 65.9 55.0 43.1 33.8
1.9 30.1 31.3 37.6 48.2 59.5 69.1 73.8 72.e 66.0 55.6 44.0 34.8
7.9 31.0 31.7 37.5 47.5 58.5 67.9 72.9 72.3 66.1 56.3 45.0 35.9

19.7 33.6 33.2 37.5 46.0 55.8 64.9 70.2 70.8 66.1 57.8 47.7 39.0
39.4 37.7 36.0 38.2 44.3 52.3 60.4 66.1 68.1 65.6 59.5 51.3 43.4

120.0 49.3 46.1 44.4 44.7 46.9 50.6 54.5 57.9 59.6 59.2 56.9 53.3
348.0 53.0 52.9 52.6 52.2 51.7 51.3 51.1 51.1 51.4 51.8 52.4 52.7

(,) BASIC PARAMETERS USED FOR THE CALCULATION

A "52.0,8023.0,P0•O.65 ,Du.03O0



5Th-Is
FAR41 TfPPfAT•A• 'ifAflxu L4NO4T, ILL. WIS

CALCULATED FARTH TEMPERATURES AT sELECTED EEPTHS
FOR DIFFUSIVITYuO.025# As 52.0 #80= 23.0 AND PO 0.66

MONTH OF YEAR
DEPTH BELOW
SURFACEIIN) J F m A M J J A S 0 N D

24.0 35.1 34.1 37.6 45.2 54.3 63.1 68.7 69.9 66.1 58.7 49.2 40.7
48.0 40.3 37.R 38.9 43.6 50.4 57.8 63.5 66.2 64.9 60.3 53.2 46.0
72.0 44.6 41.4 41.0 43.5 48.2 54.0 59.2 62.6 63.0 60.5 55.6 49,9
96.0 47.9 44.6 43,2 44.1 47.1 51.5 55.9 59.4 60.8 59.9 56.1 52.4

120.0 50.3 41.2 45.4 45.2 46.9 50.0 53.5 56.8 58.7 58.8 57.0 54.0
INTEGRATED
AVERAGE FROM
SURFACE 41.6 39.4 40.4 44.6 50.6 57.2 62.2 64.6 63.5 59.4 53,1 46.?
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED OIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACE(IN) 0.010 0.020 0.025 0.030 0.040

24.0 67.7 69.5 69.9 70.2 70.7
48.0 62.0 6!.3 66.2 66.8 67.?
72.0 57.4 61.4 62.6 63.5 64.8
96.0 .4. I 58.1 59.4 60.4 62.0

120.0 52.2 55.5 56.8 57.8 59.5
INTEGRATED
AVERAGE FROM
SURFACE 60.8 63.7 64.6 65.3 66.3
TO 10 FT*



•T-t6

(ARTH TEMPERATURF STATI{N UPBANAILLINOIS
IYPF CF Stil SILT lOAM
fYPt CF EARTH SUMFACE BLLEGAS; SOu

DATA PROCESSLO BY
fATA SOURCE CLIMATOLOGICAL DATA

PERIOC OF OESERVATION 19(0-1962

OP.SERVED PU4TF:LY AVEAAGE EARTH TEMPERATURES

MONTH OF YEAR
UEPTH BELOW
SURFACEUIN) J F M A M J J A S 0 N D

4.0 33.7 33.4 38.4 50.7 61.0 73.1 7T.G 76.8 fi.4 62.7 46.8 35.6
8.0 34.4 34.2 38.3 4q.8 61.6 71.6 75.9 73.4 7L.5 60.0 48.1 37.4

RESLLTS OF tFaST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACEHIN) AVERAGE(A) AMPLITUDOEf) PHASE ANGLE(P) DEVIATIONt

,.0 55.4 23.5 2.9
8.0 54.8 22.0 2.5



"IRA- 16

CALCULATEC FARTH TEMPERATURES AT SELECTED CEPTHS
FOR D;FF:JSIVITY80.025, As 53.C POO" 25.0 A£ND PO 0.62

IONTH OF YEAR

DEPTH BELOW
SURFACECIN) J F A , J J A S 0 N 0

24.0 34.4 13.7 37.8 46.3 56.3 65.7 71.5 72.3 67.8 59.5 49.2 40.2
48.0 39.9 37.5 39.1 44.4 51.9 59.9 65.9 68.5 66.8 61.5 53.7 46.0
72.0 44.6 41.3 41.1 44.0 49.3 55.7 61.2 64.7 64.8 61.9 56.4 50.2
96,0 48.2 44.7 43.4 44.6 48.0 52.8 57.6 61.2 62.6 61.4 51.8 53.1

120.0 50.9 47.6 45.7 45.7 47.6 51.1 54.9 58.4 60.3 60.3 58.2 54.8
INrEGRATEl)
AVERAGE FROM
SURFACE 41.4 39.2 40.6 45.4 52.0 59.1 64.4 66.8 65.2 60.5 53.6 46.7
TO LO FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTEr) )EPTHS

DEPTH-i BELOW DIFFUSIVITIES
SURFACEI IN) 0.010 0.020 0.025 0.030 0.040

24.0 70.1 71.9 72.3 12.7 73.1
48.0 64.1 67.5 68.5 69.1 70.1

72.0 59.1 63.4 64.7 65.6 67.0
96.0 55.5 S9.8 61.2 62.4 64.1

120.0 53.4 57.0 58.4 t.96 61.4
INTEGRATED
AVERAGE FROM
SURFACE 62.6 65.R 66.8 67.5 68.6

TO 10 FT.



ST-17
FARTH TEMPERATURE STATION URBANAtILLINOIS
TYPE CF SOIL UNKNOWN
TYPE CF EARTH SURFACE UNKNOWN
DATA PROCESSED BY E.M.FITTON
DATA SOURCE REFERENCEI4)

PERIOD OF O(SERVATION 1913-1915

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACEIIN) M F m A M J J A S 0 N D

1.0 29.2 29.5 39.8 51.0 63.0 72.6 78.2 76.2 69.0 55.5 42.2 32.1
3.0 31.0 30.6 39.5 50.6 62.2 72.2 77.8 75.8 69.0 56.8 43.0 33.4
6.0 32.6 31.5 39.3 49.2 60.5 70.5 75.8 74.8 68.8 57.0 44.0 35.0
9.0 33.2 33.0 39.2 48.7 59.8 69.4 74.7 74.0 68.6 57.4 45.2 36.0

12.0 34.0 33.2 38.6 48.4 58.8 68.0 73.8 73.2 68.2 58.0 46.2 37.4
24.0 37.6 37.1 38.6 47.1 55.4 62.6 68.5 69.7 66.7 59.5 50.6 42.7
36.0 41.0 38.8 40.1 46.0 53.6 60.3 66.0 67.8 66.1 60.7 53.0 45.8

RESLLTS OF LEAST SQUARES ANALYSIS
OEPTH BELOW STANDARD
SURFACE(IN) AVERAGE(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

1.0 53.3 25.0 0.62 0.9
3.0 53.6 24.2 C.64 0.9
6.0 53.4 22.7 0.69 0.9
9.0 53.4 21.7 C.71 0.7

12.0 53.2 20.9 0.75 0.6
24.0 53.1 16.8 C.91 0.5
3ý.0 53.3 14.6 1.04 0.3

I



STA-17
EARTH TEMPERATURE STATION URBANAvILLINOIS

CALCULATEC EARTH TEMPERATURES AT SELECTED DEPTHS
FOR DIFFUSIVITY=0.0259 As 55.0 ,900 24.0 AND PO- 0.60

MONTH OF YEAR
DEPTH BELOW
SURFACEIN) J F M A M J J A S 0 N D

2'.O 37.0 36.5 40,7 48.9 58.5 67.5 72.9 73.5 69.0 60.9 51.0 42.4
48.0 42.3 40.1 41.7 47.0 54.2 61.9 67.5 69.9 68.1 62.9 55.4 48.0
72.0 46.7 43.7 43.6 46.6 51.7 57.8 63.1 66.3 66.3 63.4 58.1 52.1
96.0 50.2 47.0 45.8 47.0 50.3 55.0 59.6 63.0 64.2 62.9 59.4 54.9
120.0 52.8 49.7 48.0 48.0 50.0 53.3 57.0 60.3 62.1 61.9 59.9 56.6

INTEGRATED
AVERAGE FROM
SURFACE 43.7 41.9 43.2 47.9 54.', 6L. 66.1 68.2 66.6 62.0 55.3 48.8
TO 10 FT.

CALCULATED AUGUSt EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTEI) DEPTHS

DEPTH BELOW OiFFIJSIVITIES
SURFACEIN) 0010 0.020 0.025 0.030 0.040

24.0 71.4 73.1 73.5 73.8 74.2
48.0 65,7 69.0 69.9 70.5 71.4
72.0 60.9 65.1 66.3 67.2 68.5
96.0 57.5 61.6 63.0 64.1 65.7

120.0 55.4 58.9 60.3 61.4 63.1
INTEGRATED
AVERAGE FROM
SURFACE 64.3 67.3 68.2 18.9 70.0
TO 10 FT.



S T-1 1
EART, TEMPERATURE STATION WEST LAFAYETrEIND

TYPE CF SOIL SiLT LOAM
TYPE CF EARTH SURFACE FESQUE GRASS
DATA PROCESSED BY
DATA SOURCE CLIMATOM.OGICAL DATA

PERIOC OF OBSERVArIOIN l•2

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MON•H OF YEAR

DEPTH BELOW
SURFACEHIN) M F m A M J J A S O N D

2.0 48.0 66,7 74.5 74.3 75.6 66.2 57.0 42.1 30.8
4.0 29,3 29.5 33.1 46.5 64.4 72.5 73.7 66.5 57.7 43.0 32.1
8.0 47.4 63.5 71.4 72.5 73.7 66.7 58.8 45.6 35.9

RESLITS OF LEAST SQUARES ANALYSIS
DEPTH BELOW S ANDARD
SURFACEHIN) AVERAGEIA) AMPL[TUDE(B) PHASE A%9GLF!P) DEVIATION

2.0 52.7 25.2 C.60 2.6
4.0 52.5 25.4 0.67 1.9
8.0 53.4 21.9 C.69 2.0



STA-18
EARTH TEMPERATURE STATION WEST LAFAYETTE9JND

CALCULATEC FARTH TEMPERATURES AT SELECTED DEPTHS
FOR DIFFU•iVITY=O*025t A= 52.0 tBO= 26.0 AND PO= 0.60

MONTH OF YEAR
DEPTH BELOW
SUAFACE(IN) J F M A M J J A S 0 N D

24., 32.5 32.0 36.5 45.4 55.8 65.5 71.3 72.0 67.2 58.4 47.6 38.3
48,0 38.2 35.9 37.6 43.4 51.2 59.5 65.5 68.1 66.2 60.t 52.4 44.4
72,0 43.0 39.8 39.7 42.9 48.4 55.1 60.7 64.2 64.3 61.1 55.3 48.8
96.O 46.8 43.3 42.0 43.4 4710 52.0 57.0 60.7 62.0 60.6 56.8 51.9
120.0 49.6 46.2 44.4 44.5 46.5 50.2 54.2 57.7 59.7 59,5 57.3 53.8

INTEGRATED
AVERAGE FROM
SURFACE 39.8 37.7 39.2 44.3 51.3 58.7 64.0 66.3 64.6 59.6 52.4 45.2
TO 1O FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTEn DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACEIIN) 0.010 0.020 0.025 C.030 0.040

24.0 69.8 71.6 72.0 72.4 72.8
48.0 63.6 67.2 68.1 f8.8 69.8
72.G 58.4 62.9 64.2 65.2 66.6
96.0 54ý7 59.2 60.7 61.8 63.6
120.0 52.5 56.2 57.7 58.9 60.8

INTEGRATED
AVERAGE FROM
SURFACE 62.0 65.3 66.3 67.1 68.2
TO 10 FT.



ST-19

EARTH TEMPERATURE STATION BURLINGTON,910WA

TYPE OF SOIL SILTY LOAM
TYPE CF EARTH SURFACE CULTIVETED
DATA PROCESSED BY
DATA SOURCE CLIMATOLOr.ICAL DATA

PERIOC UF OBSERVATIIIN 190-1962

OESERVED ONTI4LY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACEHIN) J F M A M J J A S 0 N a

1.0 30.1 30.9 36.9 56.1 71.5 81.3 84.1 86.4 74.7 61.0 43.7 31.6
2.2 29.8 30.R 36.9 56.8 72.1 82.5 86.2 87.8 76.1 63.1 44.4 31.7
4,;0 30.6 31.2 36.8 55.6 70.9 81.2 85.1 86.5 75.7 62.2 44.5 32.2
8.0 31.8 31.4 35.7 51.4 66.2 75.7 81.1 83.7 74.7 62.1 46.1 34.4

20.0 35.2 33.0 35.3 44.9 58.6 68.2 73.1 75.0 71.7 61.7 48.9 39.6
40.0 41.5 38.5 38.4 43.1 54.0 62. 7 67.7 71.9 71.0 64.2 54.6 45.9
(2.0 47.2 43.2 42.2 42.8 47.4 53.9 60.5 65.2 67.1 64.4 59.7 52.6

RESLLTS OF LEAST SQUARES ANALYSIS
OEPTH BELOW STANDARD
SURFACE(IN) AVERAGF(A) AMPLITUDE(B) PHASE ANGLEMP) DEVIATION

1.0 57.5 29.9 0.61 3.4
2.2 58.3 30.7 0.62 3.3
4.0 57.9 29.8 C,63 3.2
8.0 56.3 27.2 CoT2 2.8
20.0 53.9 21.8 0.88 2.1
40.0 54.6 17.3 1.11 1.9
72,0 54.0 12.5 1.54 1.0

CALCULATED EARTH TEMPERATURES AT OBSERVED OEPTHS(*)

MONTH OF YEAR
DEPTH BELOW
SURFACEHIN) J F M A M J J A S 0 N 0

1.0 24.4 27.5 37.2 51.9 66.8 78.6 83.6 60.6 70.2 55.8 40.5 29.2
2.2 24.8 27.7 37.1 51.6 66.3 78.0 83.1 80.. 70.3 56.2 41.1 29.8
4.0 25.5 28.0 36.9 51.0 65.5 17.2 82.5 80.1 70.5 56.7 41.8 30.6
8.0 26.9 28.7 36.7 49.9 63.8 75.4 81.0 79.4 70.7 57.9 43.5 32.4

20.0 31.0 30.q 36.5 47.2 59.4 70.4 76.8 71.1 71.0 60.6 48.0 37.4
40.0 37.4 35.1 37.6 44.6 53.9 63.6 70.4 72.9 70.2 63.2 53.6 44.3
72.0 45.6 41.7 41.1 43.9 49.2 56.1 62.2 66.2 66.9 64.1 58.4 51.6

1') BASIC PARAMETERS USEU FOR THE CALCULATION

A *540,0RO-30.09PO"O.57 90a.019



STA-19
EARTH TEMPERATURE STATION BUKLINGTOM# OWA

CALCULATED EARTH TEMPERATURES AT SELECTED LEPTHS
FOR DIFFUSIVITY=0.025P An 54.0 tgO 30.0 AND PO- 0&57

MONTH OF YEAR
DEPTH BELOW
SURFACEIIN) J F M A N J J A S 0 N D

24.0 31.3 31.1 36.6 47.1 59.1 70.1 76.5 77.0 71.0 60.7 48.3 37.7
48.0 37.8 35.4 37.7 44.5 53.6 63.1 69.9 72.6 70.1 63.4 53.9 44o7
72.0 43.4 39.n 39.9 43.8 50.2 58.0 64.4 68.2 68.0 64.2 57.4 49.9
96.0 47.7 43.8 42.5 44.2 48.5 54.4 60.0 64.2 65.5 63.7 59.3 53.5

!2C.0 51.0 47.? 45.2 45.4 47.9 S2.2 56.8 60.8 62.9 62.6 59.9 55.8
INTEGRATED
AVERAGE FROM
SURFACE 39.6 37.5 39.5 45.5 53.7 62.1 68.2 70.5 68.3 62.3 53.9 45.8
TO 10 FT,

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTEf DEPTHS

DEPTH BELnW i OIFFUSIVITIES
SURFACEIIN) C.OIO 0.020 0.02s 0,030 0.040

24.0 74.5 76.5 77.0 77.3 77.8
48.0 67.5 71.5 72.6 73.4 74.5
72.0 61.6 66.7 68.2 69o3 70.9
96.0 57.3 62.5 64.2 65.5 67.5

120.0 54.7 59.1 60.0 a2.2 64.3
INTEGRATED
AVERAGE FROM
SURFACE 65.7 69.4 7005 7104 72.7
TO 10 FT.



EARTH TEMPERATUJRE STATIOJN 
MANHATTANKANSAS

TYPF CF SOIL SILTY CLAY LOAM
TYPE CF EARTH SUR.FAC•E BLUE GRASS
]DATA PROCESSED BY
DATA S(OUR~CE CLIMqAI"LUGICAL DATA

PERIOD, OF OBSERVATII") 19f.0-1962

OBSFRVEO V00TNWLY AVERAGE EARTH TEMPERATURES

MC4ITH OF YEAR
DEPTH BElOw

SURFACE(IN) F M A M J A S 0 N D

e.0 29.5 320"' 31.6 51,4 66.2 76.5 80.0 79.4 71.0 60.3 45.3 36.0
• .800 42.4 4•1,1.k ,vo,-4 5",0 6)4.v 6)8.3 70.6 6'1.6 & 4.; 7 57.0 4,)..5

72.0 47.3 44.7 44.0 46,6 52.3 60. 63.5 66.5 67.1 64.4 59.4 53.5
96.0 51.7 46.7 45.2 46.3 50.3 56.7 59.7 63.1 64.3 63.0 59.6 54.?

tESLLTS OF LEAST SQUARES ANALYSIS
(DEPTH BELOW STANDARD
SURFACEIINl) AVERAGEIA) AMPLITUDEtR) CtHASE ANGLE(P) DEVIATION

4.0 55.6 25.5 C.66 2.1
48.0 56.0 15.5 .10 1.3
0. .0 55.8 11.8 1.33 1.1
9c .0 55.2 9.4 I. 4 1.2

CALCULAtEC FMfIH TEMDFAATURES AT OBSEAVFD UEPT1,S$e)

1UbgTH OF YEAR

DEPTH efLnw
SURFACEIIN) J F N A N J J A S 0 N 0

4.0 30.2 32.0 39.4 ý|o5 64.2 14.7 79.7 76.1 70.0 54.3 4S.7 35.2
48.0 41.1 39.1 40.8 46.1 53.6 61.8 67.9 70.6 69.1 6).8 56.0 48.1
72.0 46.J 43.4 43.nl 45.8 50.9 57.3 62.9 66.5 66.9 64.1 58.08 52.5
96.0 50.6 41.0 45.6 46.5 49.7 54.4 59.2 62.9 64.5 61.4 60.1 55.5

to) BASIC PARAMETERS USEU FOR THE CALCULATIONi

A w55.Oen-b6.0PC-0.61 *U-.022



ST; -20

EARTH TEMPERATURE STATION MANHATTANKANSA

CALCULATEC FARTH TEMPERATURES AT SELECTED CEPTHS
FOR DIFFUSIVITY=O.025@ An 55.0 ,80 26.0 AND POx 0.61

MONTH OF YEAR
DEPTH BELOW
S4JRFACEI1N) J F M A N J J A S 0 N 0

24.0 35.6 34.9 39.3 48.2 58.6 68.4 74.3 75.1 70.3 61.6 50.8 41.5
4d.c' 41.3 3a.- 40.6 46.2 z4.0 62.3 68.5 71.1 69.2 63.7 55.6 47.5
72.0 46.1 42.8 42.6 45.8 51.3 57.9 63.6 67.2 67.3 64.2 58.4 5Z.0
96.0 49.9 46.3 45.0 46.3 49.9 54.9 59.9 63.6 65.0 63.6 59.9 55.0

120.0 52.7 49.3 47.4 47.4 49.5 53.1 57.1 60.7 62.6 62.5 60.4 56.8
INTEGRATED
AVERAGE FROM
SURFACE 42.8 40.7 42.2 47.2 54.1 61.5 67.0 69.3 67.7 62.7 55.5 48.4
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECrEI) DEPTHS

UEPTH BELOW DIFFUSIVITIES
SURFACEIIN) 0.010 0.020 0.025 0.030 0.040

24.0 72.8 74.6 75.L 75.4 75.9
48.0 66.5 70.1 71.1 71.8 72.6
72.0 61.4 65.8 67.2 t8.2 69.6
96.0 57.7 62.1 63.6 64.8 66.5

120.0 55.4 59.2 60.7 fi.9 63.8
INTEGRATED
AVERAGE FROM
SURFACE 65.0 68.3 69.3 70.01 71.2
TO 10 FT.



EARTIH TEMPERATURE STATION LEXINGTONtKY.

TYPE CF SfOIL UNKNOWN
TYPE CF EARTH SURFACE UNKNOWN
DATA PROCESSED BY E.PFITrON
DAIA SOURCE REFERENCE(4)

PERIOD OF OBSERVATION 1922-1927

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR

DEPTH BELOW
SURFACEIIN) J F M A M J J A S 0 N 0

3.0 32.7 35.5 42.1 56.0 62.8 74.6 77.1 76.7 73.1 5A.3 45.6 39.2
4.0 20.4 17.3 35.4 49.8 55.6 69.4 75.4 74.6 63.3 J5.8 37.6 24.4

18.0 36.3 35.9 41.5 52.0 57.5 67.8 70.6 73.4 70.2 59.8 49.1 41.1
36.G 4,8 S4 , .0 50.3 56.2 65.8 70.5 73.4 68.8 62.0 53.9 47.5

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACE(IN) AVERAGE(A) AMPLITUDE(B) POASE ANGLE(P) DEVIA T=ot

3.0 56.3 22.6 C.64 1.8
4.0 48.4 28.0 C.64 3.5

18.0 54.7 18.8 C.79 1.5
36.0 56.3 15.8 0.94 0.8



STA-21
EARTH TEMPERATURE STATION LEXINGTONKY.

CALCULATEC FARTH TEMPERATURES AT SELeCTED DEPTHS
FOR DIFFUSIVITY*O.025, As 55.0 t.Ou 23.0 AND PO- 0.60

MONTH OF YEAR

DEPTH BELOW
SURFACE(IN) i F M A M J J A S 0 N 0

24.0 37.7 37.3 41.3 49.2 58.4 67.0 72.1 72.7 68.4 60.7 51.1 42.9
48.0 42.8 40.8 42.3 47.3 54.3 61.6 67.0 6S.2 67.5 62.5 55.4 48.3
72.0 47.1 44.2 44.1 46.9 51.8 57.7 62.7 65.8 65.8 63.0 57.V 5?.2
96.0 50.4 47.3 46.2 47.4 50.5 55.0 59.4 62.7 63.8 62.6 59.3 54.9

12G.O 52.1 49.1 ' 3 50.2 53.4 569 60.1 61.o 61.6 51.7 56.6
INTEGRATED
AVERAGE FROM
SURFACE 44.2 42.3 43.7 48.2 54.4 60.9 65.7 67.7 66.1 6).7 55.3 49.0
TO 10 FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTEn DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACEIIN) o.n|O 0.020 0.025 C.03c 0.040

24.0 70.7 72.3 72.7 73.0 73.4
48.0 65.2 68.4 69.Z t9.9 70.?
72.0 60.7 64.6 65.8 66.7 67.9
96.0 57.4 61.4 62.7 03.7 65,2

120.0 55.4 58.8 60.L 61.1 62.8
INTEGRATED
AVERAGE FROM
SUKFACE 63.9 66.8 67.7 t8.3 69.3
TO 10 FT.

I
I



S TA-2 1

EARTH TEMPERATURE STATION LEXINGTONKY.

CALCULATEC FARTH TEMPERATURES AT SELECTED DEPTHS
FUR DIFFUSIVITYsO.0259 As 55.0 ,BO 23.0 AND PO= 0.60

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A s J J A S 0 N 0

24.0 37.7 37.3 41.3 49.2 53.4 67.0 72.1 72.? 68.4 60.7 51.1 42.9
43.0 42.8 40.8 42.3 47.3 54.3 61.6 67.0 69.2 67.5 62.5 55.4 48.3
72.0 47.1 44.2 44.1 46.9 51.8 57.7 62.7 65.8 65.8 63.0 57.9 52.2
•L 50.4 47.3 46.2 *7.4 SO.5 55.0 59.4 62.7 63.6 62.6 59.3 54.9

120.0 52.9 49.9 48.3 48.3 50.2 53.4 56.9 60.1 61.8 61.6 59.7 56.6
INTEGRATED
AVERAGE FROM
SURFACE 44.2 42.3 43.7 48.2 54.4 60.9 65.7 67.7 66.1 61.7 55.3 49.0
TO 10 FT.

J
CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTEn DEPTHS

DEPTh BELOW DIFFUSIVITIES
SURFACEIIN) 0.010 0.020 0.025 C.030 0.040 I

24.0 70.7 72.3 72.7 73.0 73.4
46.0 6S.2 68.4 69.2 e9.9 70.7
72.0 60.7 64.6 65.8 66.7 67.9
96.0 57.1 61.4 62.7 13.7 6S.2

120.0 55.4 58.8 60.1 61.1 62.8
INTEGRATED

AVERAGE FRON
SUe(FACE 63.9 66.8 67.7 tk. 3 69.3

TO 10 FT.



ST-22
EARTH TEMPEPATURE STATION LEXINGTONtKY
TYPE CF SOIL SILTY CLAY
TYPE CF EARTH SURFACE SO[.
DATA PROCESSED HY. EoPENROD
DATA SOURCE REFERENCE(8,91

PERIOC OF OESERVATION 1952-1956

OHSERVED I'ONTHLY AVE)RAGF EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURJFACEIIN) J F 00 A M J J A S 0 N )

0. 37.2 40.1 46.7 56.2 68.7 79.1 82.6 78.8 73.1 60.4 45.6 38.5
24.0 42.1 42.C 46.0 51.S 60.8 69.4 74.5 74.6 72.2 64.7 53.9 45.5
48.0 48.8 46.4 47.0 49.6 54.9 61.5 67.0 69.5 69.4 66.5 60.6 54.0
72.0 50,8 48,0 47.5 49.4 53.6 59,4 64.5 67.6 68.3 66.4 61.8 56.0
96.0 54.0 50, 48.9 49.8 52.4 56.7 61.2 64.4 66.3 65,7 63.0 58.8

120.0 56.4 53.5 51.0 50.7 52.0 55.1 58.8 61,9 64.1 64.5 63.2 60.3

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANUARD
SURFACEHIJ) AVEKAGF(A) AMPLITUDE(R) PHASE ANGLE(P) DEVI'TICN

0. 59.0 23.2 C.56 3.0
24.0 58.2 17.2 0.85 2.0
48.0 58.0 12.0 1.26 1.6
72.0 57.8 10.6 1.42 1.3
96.0 57.7 8.7 1.68 1.3

120.0 57.6 7.0 1.94 1.2

CALCULATEC EARTH TEMPERATURFS AT OBSERVED CEPTHS(e)

MONTH OF YEAR
DEPTH BELOW
SUFACE(I) i F N A A S 0 N 0

0. 36.5 37.0 42.7 52,8 64.0 74.0 79.4 79.1, 72.9 63.0 51.4 41.9
24.0 42.2 40.6 4).3 50.t S8.8 67.6 73.6 75.4 72.5 65.1 56,7 49.3
;8.0 47.2 44.1 44.9 49.1 55.5 62.8 6A.6 71.7 71.0 66.8 60.4 53.1
72.0 51.2 47.0 47.0 49.2 53.6 59.3 64.6 66.2 o@.9 66.8 62.1 56.6
96.0 54.3 50.9 49.3 50.0 52.6 5?.1 61.5 65.1 66.7 66.0 63.1 54.9

120.0 56.6 53.4 '! 5 51.1 52.7 55.7 59.2 62.6 64.6 64.68 63.2 60.1

fo) 64SIC PARAMETERS LSED FOR THE CALCULATION

A "51.0,8Ow22.0#PCaO.75 90m.027



STA-22
FARTH TEMPERATURE STATION LEXINGTONKY

I.

CALCULATEC EARTH TEMPERATURES AT SELECTED LEPTHS
FOR DiFFUSIVIIY=0.025, A= 58.0 ,B= 22.0 AND PO= 0.75

MONTH OF YEARDEPTH BELOW

SURFACEINi i F M A M J J A S 0 N D

Z4.0 42.5 40.7 43.3 50.0 58.7 67.4 73.3 75.3 72.4 65.8 56.9 4R.5
48.0 ;7.5 44.6 45.1 49.0 55.3 62.5 68.2 71,4 10.8 66.9 60.4 53.4
72.0 51.6 48.2 47.3 49.2 53.4 59.0 64.1 67,8 68.7 66.7 62.3 56.9
96.0 54.7 51.3 49.7 50.1 52.7 56.8 61.1 64.6 66.4 65.8 63.1 59.2

120.0 57.0 j3.9 51.9 51.4 52.7 55.5 58.9 62.1 64.2 64.6 63.2 60.4
INTEGRATED
AVER4GE FRCM
SURFACE 48.7 46.1 46.5 50.0 55.6 62.0 67.1 69,9 69.4 65ý9 60.1 53.9
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURF4CE(II) 0.010 0.020 0.025 0.030 0.040

24.0 73.0 74. 75.3 75.6 76.1
48.0 67.2 70.5 11.4 12.1 73.0
72.0 62.7 66.6 67.8 68.7 70.0
96.0 59.6 63.4 64.6 C5.7 67.2

120.0 57.9 60.9 62.1 o3.1 64.8
INTEGRATED
AVERAGE FROM
SURFACE 66.1 69.0 69.9 70.6 71.6
TO 10 FT.



ST-23
EARTH TEMPERATURE STA7ION UPPER KARLBOROtMD.
TYPE CF SOIL SANDY LOAM
TYPE OF EARTH SURFACE BAME
DATA PROCESSED BY
DATA SOURCE US WEATHER R.C.

PERIOD OF OeSERVAT(ION 1960-1962

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR

DEPTH BELOW
SURFACEIIN) J F M A M J J A S 0 N 0

2.0 33.0 37.0 40.0 53.0 67.0 74.5 77.0 78.0 73.5 58.0 43.3 34.0
3.9 33.0 36.5 40.0 53.0 66.5 74.5 77.0 78.0 74.5 58.7 44.3 34.7
7,8 34.0 37.0 41.0 53.0 67.5 73.0 76.5 77.5 74.5 59.7 46.0 36.0

19.7 35.5 36.5 40.0 52.0 66.5 72.5 75.5 76.5 74.5 60.7 48.0 38.3
39.4 38.5 36.5 39.0 48.0 60.5 67.0 70.0 72.0 71.0 62.7 52.7 43.5
59.1 42.5 39.0 40.0 47.0 58.0 64.0 67.0 69.5 69.5 64.3 56.0 48.0

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACEIIN) AVERAGE(A) AMPLITUDE(B) PHASE ANGLEIP) DEVIATION

2.0 55.8 24.1 C.60 2.9
3.9 55.9 24.1 0.62 2.9
7.8 56.4 23.2 C.64 2.8

19.7 56.5 22.2 0.70 2.4
39.4 55.3 18.3 C.90 2.0
59.1 55.6 15.5 1.05 1.9

CALCULATED EARTH TEMPERATURES AT OBSERVED CEPTHS(*)

MONTH OF YEAR
DEPTH BELOW
SURFACEIIN) J F M A M J J A S 0 N D

2.0 31.4 34.1. 4>2 54.4 66.7 76=5 80.5 78.0 69.3 57.4 44.7 35.4
3.9 31.8 34.3 42.1 54.1 66.2 76.0 80.1 77.8 69.4 57,7 45.2 35.9
7.8 32.6 34.6 41.3 53.4 65.2 74.9 79.3 77.4 69.6 58.4 46.2 37.0

19.7 35.1 35.9 41.6 51.6 62.5 71.9 76.8 76.2 70.0 60.2 49.0 40.0
39.4 38.9 38.1 41.8 49.5 58.7 67.4 72.9 73.9 69.9 62.4 52.9 44.5
59.1 42.5 40.6 42.5 48.2 55.8 63.7 69.3 71.4 69.3 63o7 55.8 48.2

(.) BASIC PARAMElERS USED FOR THE CALCULATION

A •56.Ot8O=25.0tPO=0.56 90=.038



STA-23

EARTH TEMPERATURE STATION UPPER MARLBOROoMD.

CALCULATED FARTH TEMPERATURES AT SELECTED DEPTHS
FOR DIFFUSIVITY=0.0259 A= 56.0 #BO= 25.0 AND PO= 0.56

MONTH OF YEAR

DEPTH BELOW
SURFACE|IN) F M A M J J A S 0 N D

24.0 37.0 36.9 41.6 50.4 60.5 69.6 74.8 75.1 70.0 61.4 51.0 42.3
48.0 42,5 40.5 42.5 48.2 55.8 63.7 69.3 71.5 69.3 63.7 55.8 48.1
72.0 47.0 44.1 44.3 47.5 53.0 59.4 64.7 67.8 67.7 64.4 58.7 52.5
96.0 50.7 47.4 46.4 47.9 51.5 56.4 61.1 64.5 65.6 64.1. 60.3 55.5

120.0 53.4 50.3 48.6 48.8 51.0 54.5 58.4 61.7 63.4 63.1 60.9 57.4
INTEGRATED
AVERAGE FROM
SURFACE 43.9 42.? 44.0 49.1 55.9 62.9 67.9 69.8 67.8 62.8 55.8 49.0
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACE|IN) 0.010 0.020 0.025 0.030 0.040

24.0 73.0 74.7 75.1 75.4 75.8
48.0 67.3 70.6 71.5 12.1 73.0
72.0 62.4 66.6 67.8 68.8 70.1
96.0 58.8 63.1 64.5 65.6 67.3

120.0 56.6 60.3 61.7 62.9 64.7

INiEGRATED
AVERAGE FROM
SURFACE 65.7 68.8 69.8 70.5 71.5

TO 10 FT.



ST-24
EARTH TEMPERATURE STATIGO EAST LANSINGtMICH.
TYPE CF SOIL CLAY
TYPE CF EARTH SURFACE UNKNOWN
DATA PROCESSED BY' E.P.FITTON
OArA SOURCE REFERENCE(4)

PERIOD OF OeSERVATION 191t-1915

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
UEPTH BELOW
SURFACE(IN) J F M A M J J A S 0 N D

2,0 31.9 32.1 33.9 54.4 57.4 67.8 74.4 69.4 66.7 52.9 41.1 32.3
4.0 32.0 32.3 33.7 52.0 55.3 65.5 71.6 68.2 65.5 52.3 41.2 33.0
6.0 31,3 30.9 33.2 45.7 57.2 68.8 73.8 70.5 64,8 52.8 41.2 34.4
12.0 32.7 31.7 32.9 42.3 55.5 67.0 72.2 70.2 64.6 53.5 42.2 36.6
18.0 34.2 32.R 33.3 41.5 54.2 65.3 70.9 69.8 64.9 55.1 43.9 38.2

RESLITS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACE(IN) AVERAGF(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

2.0 51.3 21.8 C.62 3.0
4.0 50.3 20.5 C,66 2.6
6.0 50.5 22.1 0.69 1.8

12.0 50.2 20.9 C.77 2.1
18.0 50.4 19.8 C,83 2.0



STA-24
EARTH TEMPE.RATURE STATION EAST LANSINGvMICH.

CALCULATEC EARTH TEMPERATURES AT SELECTED DEPTHS
FOR DIFFUSIVITY0O.025, An 50.0 98O- 24.0 AND POs 0.60

MONTH OF YEAR
DEPTH BELOW
SURFACEIIN) J F M A M J J A S 0 N D

24.0 32.0 31.5 35.7 43.9 53,5 62.5 67.9 68.5 64.0 55,9 46.0 37.4
48v0 37.3 35.1 36.7 42.0 49.2 56.9 62.5 64.9 63.1 57.9 50.4 43.0
72.O 41.7 38.7 38.6 41.6 46.7 52.8 58.1 61.3 61.3 5O.4 53.1 47.1
96.0 45.2 42.0 40.8 42.0 45.3 50.0 54.6 58.0 59.2 S7.9 54.4 49.9

120.0 47.8 44.7 43.0 43.0 45.0 48,3 52.0 55.3 57.1 36o9 54.9 51.6
INTEGRATED
AVERAGE FROM
SURFACE 38.7 36.R 38.2 42.9 49.3 56.1 61.1 63.2 61.6 57.0 50.3 43.8
TO 10 FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTEn DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACEIIN) 0.010 0.020 0.025 0.030 0.040

24.0 66.4 68.1 68.5 68.8 69o2
48.0 60.7 64.0 649- 45*5 66.4
72.0 55.9 60.1 61.3 62.2 63.5
96.0 52.5 56o6 58.0 59.1 60.7

120.0 50.4 53.9 55.3 56.4 58.1
INTEGRATED
AVERAGE FROM
SURFACE 59.3 62.3 63.2 03.9 65.0
TO 10 FT.



ST-25
EARTH TEMPERATURE STATION EAST LANSINGMICH.
TYPE CF SOIL GRAVEL
TYPE OF EARTH SURFACE UNKNOWN
DATA PROCESSED BY E.P.FiTTON
DATA SOURCE REFERENCE{')

PERIOD OF OBSERVATInN 1911-1915

OBSERVED NOVTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACEIIN) J F M A M J J A S C 0 0

2.0 31.8 32.7 34.3 56.2 58.5 69.8 75.7 70.5 67.7 53.7 41.4 32.3
4.0 32.3 32.7 34.4 54.8 57.8 67.9 74.2 69.4 66.7 5l.6 41.7 33.0
6.0 31.2 31.0 31.6 47.6 58.4 70.4 75.0 11.5 65.4 57,2 40.9 34.2
12.0 32.1 31.4 33.5 44.0 56.6 64.7 73.6 71.0 64.7 53.6 41.6 35.8
18.0 33.7 .2.9 33.7 42.8 55.0 66.8 72.2 70.4 64.9 54.6 43.1 37.6

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH 8ELOW STANDARD
SURFACEHIN) AVERAGFEIA) AMPLITUDE18) PHASE ANGLF(P) DEVIATION

2.0 52.1 22.6 C.61 3.2
4.0 51.6 2t.5 0.62 2.c
6.0 51.1 22.7 C.66 l.j

12.0 50.7 21.7 0.72 2.0
18.0 50.7 20.3 C.79 2.0



STA-25
EARTH TEMPERATURE STATION EAST LANSINGMICH.

CALCULATED EARTH TEMPERATUkES AT SELECTED DEPTHS
FOR DIFFUSIVITYuO.025, A- 51.0 ,90 24.C AND PO- 0.59

MONTH OF YEAR

DEPTH BELOW
SURFACEIIN) J F M A M J J A S 0 N D

24.0 32.9 32.6 36.8 45.1 54.7 63.6 68.9 69.5 64.9 56.7 46.8 38.2
48.0 38.2 36.1 37.8 43.1 SG,4 58.0 63.6 65.9 64.0 58.7 51.2 43.9
72.0 42.6 39.7 39.6 42.6 47.8 53.9 59.1 62.3 62.3 59.3 53.9 48.0
96.0 46*1k 42.9 41.8 43.1 46.4 51.1 55,7 59.0 60.2 S8.9 55.4 50.8

120.0 48.7 45.6 44.0 44.1 46.0 49.4 53.1 56.3 58.1 57.9 55.8 52.6
INTEGRATED
AVERAGE FROM
SURFACE 39.6 37.R 39.3 44.0 50.5 57.3 62.2 64.2 62.6 57.9 51.2 44.6
TO 10 FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTEO DEPTHS

OEPTP BELOW DIFFUSIVITIES
SURFACE(IN) 0.0!0 0.020 0.025 0.030 0.040

24.0 67.4 69.1 69.5 69.8 70.2
48.0 61.7 65.0 65.9 t6.5 67.4
72.0 57.0 61.1 62.3 63.2 64.5
96.0 53.6 57.7 59.0 tO.1 61.7

120.0 51.5 55.0 56.3 57.4 59.2
INTEGRATED
AVERAGE FROM
SURFACE 60.3 63.3 64.2 t4.9 65.9
10 10 FT.



ST-26
IARTH TEMPERATURE STATION EAST LANSING#MICH.
TYPE OF SOIL LOAM
TYPE CF FARIH SURFACE UNKNOWN
DATA PROCESSED BY Eo.PFITTON
DATA SOURCE REFERENCEW4)

PERICo nF OBSERVATION 1914-1916

OBSERVED MUNTHlY AVERAGE FANTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACEIIN) J F M A m J J A S 0 N D

2.0 31.3 31.5 33.3 55.2 57.0 67.9 73.4 6R.5 67.2 53.4 41.0 32.5
4.0 32.0 32.1 33.9 53.0 56.4 66.4 72.8 68.1 65.9 52.8 41.4 33.6
6.0 30.8 30.4 32.6 45.4 57.0 68.9 74.0 70.6 64.8 52.6 40.7 34.2

12.0 32.7 31.7 32.5 42.0 55.5 67.6 ?3,0 70.9 65.1 54.1 42,4 36.7
18.0 34.5 33.1 33.1 40.8 53.1 64.3 70.2 69.3 64.5 55.1 44.0 38.6

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACEIIN) AVERAGF(A) AMPLITUDE(B) PHASE ANGLE(P) DEMIA0rI

2.0 51.1 21.8 C.63 3.3
4.0 50.8 20.8 0.64 2.7
6.0 50.3 22.4 C.69 I.8

12.0 50.5 21.4 0.78 2.3
18.0 50.2 19.4 C.86 2.1



STA-26
EARTH TEMPERATURE STATION EAST LANSINGMICH.

CALCULATEC FARTH TEMPERATURES AT SELECTED DEPTHS

FOR DIFFUSIVITYaO.0259 As 50.0 9B(3 24*( AND PO* 0.60

MONTH OF YEAR

DEPTH BELOW
SURFACEHIN) J F N A N J J A S 0 N 0

24.0 32.0 31.5 35.7 43.9 53.5 62.5 67.9 66.5 64.0 55.9 46.0 37.4
48.0 37.3 35.1 36.? 42.0 49.2 56.9 62.5 64.9 63.1 57.9 50.4 43.0
72.0 41.7 38.7 38.6 41.6 46.7 52.8 58.1 61.3 61.3 58.4 53.1 47.1
96.0 45.2 42.0 40.8 42.0 4.5,3 SO.O 54.6 58.0 59.2 57.9 54.4 49.9

120.0 47.8 447 43.0 43.0 45.0 48.3 S2.0 55.3 57.1 56.9 54.9 51•6
INTEGRATED
AVERAGE FROM
SURFACE 38.7 36.A 38.2 42.9 49.3 56.1 61.1 63.2 61.6 57.0 50.3 43.8
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTEr) DEPTHS

DEPTH BELOW OIFFUSIVITIES
SURFACE| %) 0.010 0.020 0.025 00030 00040

24.0 66.4 66.1 68.5 68.6 69.2
48.0 60.7 64.0 64.9 t5.5 S604
72.0 55.9 60.1 61o3 62.2 63.5
96.0 52.5 56.6 58.0 59.1 S0.?

120.0 50.4 53.9 5593 56.4 58.1
I NTEGRATEO
AVERAGE FROM
SURFACE 59.3 62.3 63.2 63.9 65.0
TO 10 FT.



ST-2?
EARTH TEMPERATURE STATION EAST LANSSNG T-I2H

TYPE CF SOIL PEAT
TYPE CF FARTH SURFACE UIN KNOWN
DATA PROCESSED BY EF N CFT TO
DATA SOURCE REFERENCE(4)

PERIOC OF OFSERVATIN 1911-191S

OBSERVED PGNTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPrTH BELO
SURFACE(IN) . A N J J A S 0 4 D

2.0 32.0 31.4 31.9 49.9 56.7 67.5 74.2 69.4 6.'9 52.9 40.5 33.3
4.0 31.9 31.7 31.6 46.6 55.0 64.6 71.5 67.S 64.7 51.S 40-7 34.0
6.0 30.8 30.4 31.4 41.1 56.8 68.5 73.9 71.0 65.1 52.9 40.9 34.7

12.0 32.6 31.6 31.9 38.6 54.7 66.9 72.1 71.3 65.6 54.8 4-.8 36.6
18.0 35.2 33.7 43.4 37.8 53.2 64.' 70.8 70.1 65.6 56.4 45.2 39.2

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SUqFACE(IN) AVERAGE(A) AMPLITUDEIB) PHASE ANGLE(P) DMYAflo

2.0 50.7 21.9 C.68 2.7
4.0 49.4 20.5 0.71 2.2
6.0 49.9 22.6 C.74 2.5

12.C 50.1 2..s 0.83 2.6
18.0 'O.s 19.7 C.90 2.6



STA-27
EARTH TEMPERATURE STATION EAST LANSINGtMICH.

CALCULATEC EARTH TEMPERATURES AT SELECTED DEPTHS
FOR DIFFUSIVITY=O.02St As 50.0 980s 24.C AND POw 0.60

MONTH OF 'E:AR
DEP)H tELOW
SURFACEN'! j F A N J J A S 0 a D

24.0 32.0 31.5 35.7 43.9 53.5 62.5 67.9 68.5 64.0 55.9 46.0 37.4
48.0 37.3 3S.1 36.7 42.0 49.2 56.9 62.S 64.9 63.1 57.9 50.4 43.0
72.0 41.7 36.7 36.6 41.6 46.7 52.8 58.1 61.3 61.3 56.4 53.1 47.1
96.0 45.2 42.0 40.8 42.0 4S.3 50.0 54.6 58.0 S9.2 57.9 54.4 49.9
120.O 47.8 44.7 43.0 43.0 45.0 48.3 52.0 55.3 57.1 56.9 54.9 51.6

INTEGRATED
AVERAGE FROM
SU UACE 38.7 36.8 38.2 42.9 49.3 56.1 61.1 63.2 61.6 S7.0 50.3 43.8
TO 10 FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTEI) DEPTHS

DEPTH 8ELOw C!FFUSIVITIES
SURFACEt I,. 0.010 0.020 O.O2S 0.030 0.040

24.0 66.4 68.1 68.S ea.s 69.2
48.0 60.7 64.0 64.9 65.5 66.4
72.0 55.9 60.1 6193 t2.2 63.5
96.0 S2.5 56.6 58.0 59.1 60.1

120.0 O.4 53.9 SS.3 56.4 58.1
INTEGRATE0
AVERA•E FROM
SURFACE 59.3 62.3 63.2 63.9 65.0
TO 10 FT.



ST-20
EARTH TEMPERATURE STATION EAST LANSINGqMICH.
TYPE CF SOIL SAND
TYPE OF EARTH SURFACE UNNNOWN
DATA PROCESSED BY E.H.FITTON
DATA SOURCE REFEREt"E(4)

PERIOD OF OeSERVATinN 1911-M915

OBSERVED PONTHLY AVERAGE EARTP TEMPERATIJRES

MONTH OF YEAR
DEPTP BELOW
SURFACEIN) J F M A M d J A S 0 N D

2.0 30.6 32.2 34.3 56.2 58.7 70.0 76.2 70.8 68.2 54.1 41.1 30.2
4.0 31.3 32.7 34.5 54.4 58.1 68.6 75.0 70.0 67.4 54.0 41.5 31.8
6.0 30.5 30.5 33.6 47.7 58.5 69.9 74.5 71.4 65.3 53.0 40.5 33.8

12.0 32.2 31.4 33.4 42.9 56.3 67.8 72.A 70.7 64.S 53.6 41.9 36.0
18.0 34.3 33.0 33.9 42.5 54.4 65.5 71.1 69.9 64.8 55.0 43.8 38.3

RFSLLTS OF tEAS! SQUARES ANALYSIS
DEPTH BELOw STANDARD
SURFACEMI| AEWRACE(A) AMPLITUDE(B) PHASE ANGLEIP) DEITTIGI

2.0 52.0 23.3 C.60 3.2
4.0 51.7 22.2 0.62 2.8
6.0 50.9 22.8 C.66 1.6

12.0 SC.4 21.4 O.74 ?.0
18.0 50.6 19.7 C.82 1.9



STA-29
t.A4QH TLtdPER ATU•( .d Sr"AfTIN tIASA LANSI-(.,tMiCH.

CALCIJLATEC FARIH TEMPERATURES AT SELFCTFO CEPTHS
FO)• DIFFUSIVIVY=O.0259 A= 5O.6 ,91-O 24.C AND PO= 0.60

MONTH OF YEAR
DFPTH BELCw'
SURFACE(N) J F A M J J A S C, N

24.0 32.0 31.5 35.7 43.9 53.5 62.5 67.9 68.5 64.0 )5.9 46.0 37.4
48.0 37.3 35.1 16.7 42.0 49,2 56.9 62.5 66.9 63.1 57.9 50.4 43.0
72.0 41.7 38.7 38.6 41.6 46.7 52.8 58.1 61.3 61.3 58.4 53.1 47.1
96.0 45.2 42.C3 40.8 42.0 45.3 50.0 54.6 58.0 59.2 57.9 54.4 49.4
120.0 47,8 44.7 43.0 43.0 45.0 49.3 52.0 55.3 57,1 56.9 54.9 5.1.6

l[' TECRATELU
AVERAGE FROA
SURFACE 38.7 36., 38.2 42.9 49.3 56.1 61.1 63ý7 61.6 57.0 50.3 43.8
TO lG- FT.

CALCULAT[C 4U';UST EARTH TFMPERATURE AT SELECTED OIFFUSIVITIES
A".0 SELECTE I)DEPTHS

UEPTH BELOW CYFFUSIVITIES
SURFACE(IN) 0.010 0.020 0.025 0.030 0.040

24,0 66.4 68.1 68.° ta,8 69.2
48.0 60.? 64.0 64.9 65.5 66.4
72.0 55.9 60.1 61.3 f2.2 63.5
96.0 52.5 56.6 58.0 59.1 60.7

120.0 5C.4 53.9 55.3 &6.4 58.1
INrEG(ATF0
AVERACE FROM
Su4•FACE 53.3 62.3 63.2 63.9 65.0
TF- 10 FT.

i

I
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ST-29
EARTti TE"PEPATURE STATIGN ST.PAULMIN'.
TYPkCF SOIL SILT LOAM
TYPE CF EARTH SURFACE SOE
DATA PROCFSSED BY
GATA SOURCF CLIMATOLOGICAL DATA

VERIC OF OPSERVAIION 19t1-1962

OBSERVED moN HLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
O)EPI`ý SELOW

SURFACEIN) J F M A M J J A S 0 4 0

0.4 25.9 28.3 32.8 43.4 64.3 74.0 77.3 76.4 64.7 54.3 38.0 31.9
1.9 26.1 27.a 32.2 41.8 63.1 75.0 76.9 75.9 64.R 54.5 38,3 32.1
3.9 26.6 27.8 31.8 39.7 60.7 72.6 75.2 74.6 64.5 54.5 38.8 32.?
T.9 27.4 27.8 31.4 34.2 56.6 68.0 72.3 71.8 63.4 51.8 39.3 34.2

15.7 29.9 30.P 11.1 34.0 52.9 63.7 68.2 69.5 63.3 54.4 41.7 35.8
31.5 33.3 30.7 32.0 33.4 48.3 58.9 65.7 68.4 63.6 56.2 43,6 34.o
47.2 37.R 35.5 34,1 34.5 45.2 55.3 62.5 64.8 63.1 57.1 48.6 41.)
62.9 39.5 37,n 5o.3 35.2 43.0 52.7 60.1 62.9 62.4 57.4 50.3 43.8

125.9 45.8 43.2 40.9 40.1 40.7 45.7 51.4 55.6 57.7 56.6 53.3 41.5

RESULTS OF LEAST SQUARES ANALYSIS
UEPTH BELOW STANDARD
SURFACE(IN) AVERAGF(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

0.4 51.0. 26.5 C.64 2.9
1.9 50.9 26.6 0.65 3.1
3.9 50.1 25.6 C.70 3.1
1.9 48.5 23.6 0.78 3.6

15.7 48.3 20.9 C.84 2.8
31.5 47.9 19.1 1.02 2.7
47.2 48.5 16.0 1.15 1.9
62.9 48.4 14.4 1.27 1.1

125.9 48.4 8.8 1.77 X.0

CALCULATEC FARTH TEMPERATURES AT OBSERVED CEPTHS(*)

MONTH OF YEAR
DEPTH BELOW
SURFACEHIN) M F A M J J A S 0 N D

0.4 23.3 25.0 32.4 44.5 57.1 67.6 72.6 71.1 63.1 51.3 38.3 28.2
1.9 23.6 25.2 32.4 44.2 56.7 67.2 72.3 70.9 63.1 51.6 38.7 ?8.7
3ý9 24.1 25.5 32.3 43.8 56.1 66.6 71.8 70.6 63.2 51.9 39.3 29.3
1.9 25.1 26.n 32.3 43.2 55.0 65.4 70.8 70.1 63.3 52.6 40.4 30.5

15.7 27.0 27.0 32.2 42.0 53.1 63.1 68.8 69.0 63.4 53.8 42.4 32.7
31.5 30.7 29.3 32.6 40.3 49.8 59.1 65.1 66.7 63.1 55.6 45.7 36.8
47.2 34,0 31.7 33.5 39.3 47.2 55.7 61.8 64.3 62.3 56.6 48.3 40.2
62.9 37.0 34.0 34.6 38.8 45.4 52,8 58.8 62.0 61.3 57.1 50.3 43.1

121.9 45.5 42.0 40.2 40.3 42.5 46.2 50.3 53.9 55.9 55.7 53.4 49.7

(*I BASIC PARAMETERS USED FOR THE CALCULAMION

A .48.0HTO=25.OPC=0.65 ,Dz.031



STA-29
EART- TEMPERATURE SrATIUN ST.PAULvMINN.

CALCULATEC FARTH TEMPERATURES AT SELECTED CEPTHS
FOR DIFFUSIVITY=0.0259 A= 48.0 960(= 25.0 AND PO= 0.65

MONTH OF YEAR
DEPT?- BELOW
SURFACEIIN) J F M A M J J A S 0 N U

24.0 29.6 28,4 32.5 40.7 50.7 60,3 66.3 67.4 63.2 55.1 44.8 35.6
48.0 35,2 32.6 33.9 39.0 46.4 54.5 6U.6 63.4 62.0 56.8 49.2 4L.4
72.0 39.8 36.4 36.0 38.8 43.9 50.3 55.9 59.5 59.9 57.1 51.8 45.6
96.0 43.4 39.9 38.4 39.5 42.7 47.6 52.3 56.1 57.6 56.5 53.0 48.4

120.0 46.1 42.7 40.8 40.7 42.5 45.9 49.7 53.2 55.3 55.? 53.4 50.,
;'ITEGRATED

AVERAGE FROM
SURFACE 36.6 34.3 35.4 40.0 46.6 53.8 59.2 61.7 60.4 55.9 4V.0 42.1
TO 10 FT,

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTEn DEPTHS

OEPTH BELOW CIFFUSIVITIES
SURFACEIN) 0.010 0.020 0.025 C.030 0.040

24.0 65.1 b7.0 b7.4 67.8 68.3
4e.0 58.9 62.5 63.4 64.1 65.1
72.0 53.9 58.3 59.5 60.5 61.9
96.0 50.4 54.7 56.1 57.2 58.9

120.0 48.3 51.8 53.2 54.4 5b.2
INTEGRATED
AVERAGE FRUO
SURFACE 57.5 60.7 61.7 62.5 63.6
TO 10 FT.



ST- i()
IAQTH TEMPFRATURF STATION STATE UNIV.MISS.

TYPE CF SfIIL CLAY
TYPE (F EARTH SURFACE RARE
DATA PRUCESSED BY
DATA SOURCE CLIMATOLOGICAL DATA

PERICC OF O0SERVATI(ON 19to-1962

LBSERVED VONITHLY AVERAGE EARIH 1EMPERATURES

MOCTH OF YEAR
DEPTH BELOW
SURFACEHIN) J F M A M J 4 A S U N D

2.0 49.4 55.0 54.2 65.1 93.0 85.2 89.5 87.) 82.5 72.3 4R.8
4.0 44.1 53.3 '6.6 63.1 76.9 79.7 85.7 8G.R 82.3 72.7 57.1 47.4
8.0 46.4 53.2 55.5 62.1 75.3 79,4 8j.P 83. 1•t'9 70,0 54.9 43a9

16.0 46,4 53,.4 53.2 61.8 74.4 80.1 84.3 84.? 81.0 72.8 51.4

RFSLLTS OF LEAST SQUARES AiALYSIS
DEPTH BELGW SIANDARO
sURFACE(IN) AVERAGF(A) AMPLITUDE!B) PHASE ANGLE(P) DEVIATION

2.0 69.5 21.0 C,60 3.1
4.0 67.5 20.5 0.b6 4.0
8.0 66. 3 1.8 (.64 3.1
16.0 67.2 18.7 0.74 2.3

I



S TA-30

EARTH TEMPF.NATURI STATION STATE UNIV.MISS.

CALCULATEC EARTH TEMPERATURES AT SELECTED CEPTHS
FOR DIFFUSIVITY=O.025t An 67.0 6O0= 21.E AND PO= 0.58

MO'JTH OF YEAR
DEPTH BELOW
SURFACEIIN) J F A M J J A S U N 0

24.0 51.1 50.14 S4.7 62.0 70.4 78.2 82.1 83.1 79.0 71.9 63.2 55.7
48.0 55.7 54.0 55.5 60.2 66.6 73.3 78.1 80.0 78.3 73.7 67.1 60.6
72.0 59.6 57.1 57.l 59°3 64.3 69.7 74.2 76.9 76.8 74.2 69.5 64.2
96.0 62.7 59.0 58.9 60.1 63.1 67.2 71.l 74.1 75.0 73.9 70.7 66.7

120.0 65.0 62.1 60.8 61.0 62.7 65.6 68,9 71.7 73.2 13.0 71.2 68.3
1NTEGRATED
AVERAGE FROM
SURFACE 57.0 55.4 56.8 61.0 66.6 72.6 76.9 7P,6 77.1 72.9 67.1 61.3
Io 10 FT.

CALCULATFC AUGUST EARTH TEMPERATURE AT SELECTED JIFFUSIVITIES
ANO( SELECTEI) DEPTHS

DEPTF BELnW CIFFUSIVITIES
.lUlFACE(IN) 0.010 0.020 O.OZ5 0.030 0.040

24.0 81.3 82.8 83.1 E3.4 43.7
48.0 76.4 79.3 80.u 80.6 81.3
72.0 72.1 75.9 76.,- 17.7 18.6
96.0 69.3 72.9 74.1 75.0 76.4

120.0 h7.4 70.5 71.1 t2.7 74.2
I.NTEGRA TED
AVERAGE FRCM
SURFACF 75.1 77.8 7C b 79.2 80.1
ro 10 FT.



SI-31
EARTH TEPPERATURE STATION FALCETTMO.
TYPE fl.F SOIL - UNKNOWN
TYPE CF FARTH SURFACE SOE

DATA PRUCFSSED BY IEN-HU-CHANG
DATA SOURCE qEFEIENCE( 5)

P:]RIUC OF OPSERVATInN 1951-1952

OBSERVEU ,'C:TJLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPrH BELOW
SURFACE{IN) J A M J J A S a N o

1.0 33.0 33.Q 38.7 47.8 64.1 73.8 83.4 81.1 71.4 56.4 43.8 34.4
3.0 33.2 33.6 38.( 46.3 63.0 71.1 79.9 78.3 70.2 55.8 43.6 35.1
6.0 33.8 33.q 37.5 45.2 62.1 69.! 76.7 76.4 69.4 56.5 44.1 36.4

12.0 35.3 35.2 37.5 43.8 61.1 68.0 73.6 74.6 70.2 56.8 46.2 38.6
24.0 37.2 36.0 38.5 44.3 58.0 65.3 71.1 73.6 68.0 59.5 49.2 42.4
4'.0 43.2 41.6 41.7 44.8 53.5 60.7 65.4 67.7 66.6 62.6 55.6 48.6
72.0 45.5 44.4 44.2 46.0 48. 55.6 61.3 64.0 64.7 62.5 57.0 51,4

RESLLTS OF lEAST SQUARES ANALYS!S

I)EPTt4 BELOW STANDARD
SURFACEC IN) AVERAGF(A) AMPLITIJDE( R) PHASE ANGLEIP) DEVIATION

1.0 55.3 25.6 C.66 2.4
3.0 54.1 24.1 0.69 2.2
6.0 53.5 22.7 C.73 2.1

12.0 53.5 21.0 0.78 2.2
24.0 53.7 18.8 C.88 1.3

48.0 54.o 13.7 1.14 0.7

72.0 53.9 10.8 1.37 0.7

CALCULATtC FARTH TEMPERATURES AT OBSERVED DEPTHS(*)

MONTH OF YEAR
I)EPTH BELOW

SURFACEIIN) J F M A M J J A S 0 N a

1.0 34.4 35.7 41.5 51.1 61.1 69.5 73.5 72.4 66.1 56.8 46.4 3R3.4

3.0 34.9 35.) 41.5 50.7 60.5 68.9 73.0 72.1 66.2 S7.1 47.0 39.0

6.0 35.6 36., 41.4 50.2 59.7 6A.0 72.3 71.7 66.2 57.7 47.8 39.9

12.0 37.1 37.1 41.4 49,3 58.2 66.2 70.8 70.9 66.3 58.6 49.4 41.7
24.0 39.9 38.9 41.7 47.9 55.6 63.1 68.0 69.1 66.1 59.9 52.0 44.8

,8.0 44.8 42.5 43.1 46.7 52.1 58.2 63.0 65.5 64.8 61.2 55.6 49.7

72.0 48.7 '.5.' 45.2 46.8 50.3 54.9 59.1 62.1 62.8 61.2 57.5 53.1

(o) BASIC PARAMETERS USED FOR THE CALCULATION

A =-4.O,0O=20.O,PC=O.65 ,C=.019



STA-31

EARTH TEMPERATURE STATIUN FAUCETTqMn.

CALCULATEG EARTH TEMPERATURES AT SELECTED LEPTHS
FOR DIFFUSIVITY"O.025, As 54.0 Krj- 20.0 AND POD 0.65

MONTH OF YEAR
iEPTH BEL•,d
SURFACEHIN) j F U A 1 J A S LI 0

24.0 39.2 3R.5 41.6 48.2 56.2 63.8 68.6 69.6 66.2 59.r 51.4 44.1
4e.0 43.7 41.7 42.7 46.8 52.8 59.2 64.1 66.3 65.2 61.1 54.9 48.7
72.0 47.5 44.7 44.4 46.6 50.7 55,9 60.4 63.2 63.5 61.3 57.0 52.0
46.0 50.3 47.5 46.3 47.2 49,8 53.6 b7.5 60.5 61.7 60.8 58.0 54.3

120.0 52,5 49.R 48.2 48.1 49.6 52.3 55.4 58.2 59.8 54.9 58.3 55.7
I •r A , TEID
AVE•rAGE FROM
SUAFACE 4.,4 43.,0 43.9 47.6 52.o 58.6 63.0 65ý0 63.9 60.3 54.8 49.)
TO 10 FT.

CALCULATES AUGUST EARTH TEMPEq'ATURE AT SELECTED UIFFUSIVITIES
AND SELECTEr) DEPTHS

OEPTH BELOW CIFFUSIVITIES
SUR-ACEIIN) (0.010 0.020 O.OZ5 0.030 O.04O

24.0 67.7 69.2 69.6 f9.8 70.2
4A.0 62.8 65.6 66.j 66.9 67.7
72,0 58.7 62.2 63.,2 L4.0 65.2
96.0 !). 54.*3 60,5 C1.4 62.8

120.0 54,2 57.1 58.2 59.1 60.6
1 -1 rEG. A TEC
AVERAGE FRUM
:UAFACE 61.6 t4.2 65.o L.5.6 66.5
TV 10 FT.



ST-I?

tArTI, TEMPERATURIE STATION KANSAS CITYtMPJ.
TYPt7 CF SCIL UNKNOWN
rypt CF EARTH SJRIFAC UNKNOWN
UArA !IROCFS.ED BY JE -HU-CHANG,

'GATA SOURCE 4, FFRENCE(5)

PERIr)C OF OIWSERVArI'N 1950-195Ž

OJBSiLRVED fCT9PLY AVERAGF EARrH TEMPLRATURES

MONTH OF YEAR
u)EP rH BELLOW

SURFACEIId) J F M A 4 J J A S O N F

3.9 )4.8 41.1 41.8 54.5 70.3 77.7 75.4 75.5 71.2 bo1, 48.5 34.5
7.9 35.6 37.4 41.3 52.1 63.4 75.2 73.3 76.6 67.4 58.m 47.6 36.6
t1.8 16.9 39.0 40.3 41. 60.6 70.7 12.2 781. 66.0 58.9 48.3 38.7

11.7 38.1 38.0 40.? 47.7 58.0 67.0 69.8 C9.! 64.9 59.4 49.7 40.8
19.4 39,S 34.7 40.9 47.1 55.4 61.7 67.7 Ti2. 6S.1 60.1 50.6 43.0

4rcLLTS OF LEAST SCUARES A'4ALYSIS
1,EIAH BELOW STANDARD
SURiFACE(IN) AVt.AG"- APLITUDE(8) PisASE A14GLFIP) DEVIATION

3.9 57.3 22.3 (.58 1.1
1.9 55.6 21.1 0.6) 1.9

11.11 55.0 19.9 C.72 2.1
19. 7 53.7 16.8 O.RO 1.2
11.4 5i.e 15.8 C.90 1.0



STA-32
EARrI- TEMPFRATURE STATIUO KANSAS tITYtMO.

CALCULATEC rARTH TEMPERATURES AT SELECTED DEPTHS
FOR DIFFUSIVIIY*O.025t As 54.0 00m= 22.C AND P0 0.56

Mr4TH OF YEAR

oEPrH BELOw
zUFACEI14) i F m A m J J A S ? N

?4.0 3.?3 37.? 41.3 49.1 57.9 66.0 70.6 70.R 66.4 58.$ 49.6 41.4
48.0 42.1 40.4 42.1 41.1 53.9 60,8 65.7 67,6 65,7 60.8 53.8 47.1
72.0 46.1 43.6 43.7 46."p 51.3 57.0 61.7 64.4 64.3 61.4 56.4 509.
'6.0 49.3 46.5 4i.h 46.9 50.0 S4.4 58.5 61.5 62.4 01.1 57.8 53.6

120.0 51.7 43.o 47.5 47.7 44.6 52.7 56.1 59.C 60.5 60-. 58.3 55.2
|ITF.iRATED
AVEq'GE FaOP
-UWAFACE 43.4 41.) 43.4 47.) 53.4 60.1 64.4 66.1 64.4 60.0 S3.8 47.9
Ti 10 FT.

CALCULATEC AUGUST EARTIH TFMJERATURE AT SELECTEU DIFF'JSIVITIES
A~Vf) SELLCTEI nEPT1"S

OEPTih BELOW CIFFIJSIVIIIES
tJPFACE(IN) C.010 0.020 0.025 0.050 0.040

24.0 6q.0 70.4 70.b 1?.* 71.4

48.0 63.9 66.7 67.6 t8.2 6).0
12.0 59.6 ol.3 64.4 65.2 66.4
96.0 56.5 60.3 61.5) C2.5 61.'

120.0 54.5 571.3 59. 0 tO.0 hi.b

I 14TF(,GAATEU
AVE'AGF FROP
SUAFACE 62.6 tp5.3 686.1 C6.8 67. 7
TO IC FT.



kARrt- TEMPERATURE STATIJN SIKFSTO#4,NMO.
TYPE CF SWIL SAKDY LOAMq
rYPF CF EARTHt SO,(FAC•I GROSS
DATA PROCF&SEU RY
OATA SCURCF CLIMATOLOGICAL OATA

I'ERICO UF CQSERVATI'IN 19(0-196Z

f•ISLRVE) Vj'3rkLY AVERAIF EARTW tFMPERATURES

MIJNTH flF YEAR
siEPrH BELOW
SuRFACE(IN; F m A M J J A S U 4

1.0 3b.9 41.1 4,S.1 57.6 69.8 19.9 83.o a2.8 76.1 64.1 49.6
3.0 37.3 37.1 "*o,.0 57.5 10.2 74.2 84.2 R4.4 16.7 b6.0 50.6
6.0 37.1 38.A 44.9 57.1 69.8 78.7 83.8 8?.7 76.0 66.1 50.8

24.0 ?7,0 34.; 43.1 51.8 61.1 70.3 75.0 76.4 73.3 65.6 53.6
12.0 41.0 39.f 44.3 41.7 ')4.9 61.7 66.7 70.0 70.4 67.4 61.2 54.3

,%SLLTS OF LEA[ST SQUARES AALYSIS
L.EPTr- BEL00w STANDARO
SU4 t- ACEf V':) AV-A, GA AM'PLITUDtf{•l PHASE ANGLE(PI DEVIATIOK

1.0 60.6 24,.0 C.63 3.2
3.0 61.1 24.0 0.66 3.1

6.0 6 23.8 .. 66 3.0

24.0 57.9 19.7 0.43 2.3
72 ,3 57.5 1 1. 1.2) 1.2

ALCIJLATE-:: FAMTt- . t-IPEXATURLA AT Oik!.PRVED DFPTHS(.3

"wfrM;'H OF YFAR

UIF ACE (I i v m A . J A S U N C

1.0 !2.3 11.7 142.6 '. I.t 67.3 77.4 81.7 79.4 70.9 5#4.9 46.1 1h.5

3.0 #2. 7 14,.1 41.5 54,.5 h6.4 ?6.e e$1.? 79.?2 71.0 57.3 46.6 37.1
!p. 0 33.4 15.2 42.4 51.9 bh . 0 75.9 50.~ 78?.9 71.1 13. 47? 5 311.0

2,4.0 37.3 47.' 47.? 51.1 61.7 71.2 ?7.6 76. 1. 71.5 6Z. 5 51.R 42.7
7.0 46.4 .•6 44.3 48.4 54.7 II. M by.4 70.4 69.6 65.S S9.0 52.1

VAS IC P1nAP4ETT.S Ue: FOR THE CALCULATnn IvA 5. ,.O'



srA-33

•ARTi- TEP'PERATURF STAtICN SIKEStIONL'C.

CALCULATEC FARTH TEPPERATURES AT SELECIEI) CEPIMS

FOR 0IFFUIVITY=O.OZS, As 57.0 qtOw 21.0 AND PO( 0.59

MONTH OF YEAR

uEP TI- BELOW
IuRt-CE(I'4) J F A M J J A S 0

24.0 38.2 317. 42.2 50.9 6O.9 7C.2 75.7 76.2 11.- &3.-0 52.6 43.1?
49.0 43.7 41.S 43.3 48.8 56.4 64.3 70.1 72.-n 10.)5 h5 .1 57. 4).h
72.0 48.3 45.7 45.2 48.1 53.6 60.1 65.5 68.1• 6q.8 65.6 60.1 51-4q
96.0 -51.9 4A.#S 47.4 4R.7 52.2 57.1 61.9 65.4 66.h o'i.2. 6i.• 56.

12C.0 '4.6 51.4 49.7 49.R 51.8 -j5.3 59.2 62.5 64.4 64.2 62.1 51.6
! -,ECATEC
AVEIA E F40M
'|jqFA(E 4'.2 43.' 44.8 49.7 56.4 65.5 6b.7 7C.8 69.) 64.? 57.2 50.4
To IC FT.

C&LCULAT. AI;CUGST EARTH TEMPERATU.RE AT SELECTED DIF1USIVITIFS
AND SELECTEf• OEPTkS

0•Ib. BELr"w CIFFUSIvITIES
SURFACE(H4) 0.010 0.020 0.025 0.030 0.040

24.0 74.1 75.2 76.2 16.5 77.0
4D140 6A.2 71.6 72.3 73.1 R4.1
72.0 63.7 67.5 6b.S 69.7? 71.1
9h.0 54.7 64.0 65.,4 f6.5 68,2
120.0 57.5 b61. 6f2.5 6.165.

I',TE.T RATErC
AVERAIE Fwt)l'
SqUFACE e6.7 69.R 70.7 1|.5 72.6
rt Io



ST-34

ýARrIJ TEP 0FATU-4. SrArI'iN ROLEMANtMONTANA

TYPZ CF JOIlL UNKNOWN
rY C CF 4AOTH SI(FA. A UNKNOWpi

UAA ojCrSscoD VY JEN-HU-CHANG

,OATA 5UURqC REFERENCE(5)

,½Ofi "P-SER&VATI1T 1916-1920

OPSfERVEI) WO'NTPLY AV-'ZGE EARTI. TEMPtRAMURES

M(.NIH OF YFAR

jWIFCE 1, J 1 . A H J J A S N 0

2.o0 e9.7 ?,.l iU.2 35.0 44.2 5!.4 64.4 62.9 55.4 44.6 35.4 31.5
24.0 !I.f SC.7 31.4 34.8 42.8 52.3 60.C 61.4 26.2 47.0 38.6 34.1
M4.0 13•.ý 32.? 12.0 34.1 40.0 4•.7 56.1 58.1 55.1 47*6 19.9 35.6
4.O 16, 304.,4 13.6 14.6 38.8 46.1 53.8 57.3 6j5.2 4-s.2 42.R 31.3
50.0 ?..,7 V5.? 34.7 35.3 18.8 44.b 51.0 54.2 53,7 49.8 44.4 40.2
"4C.O 41.2 1.3 17.9 37.4 38.7 42,0 46.6 5C.8 51.9 50.0 46.4 43.4

12C.0 41.5 39." 14.5 37.9 IR.? 41.7 46.1 50.0 51.4 50.1 46.4 43.4

,FKLLTS `F I FASF SCUARES A*4ALYSIS
VEPTI- 8 L,, STANDARD
:W, F)iCE( I1% AVERaC4(A) AMDLITUDE(3) PHASE ANGLE(P) DMVMATIM'T

12.0 43.2 17.6 L.79 3.2
,e.0 43.5 15.4 0.92 2.4

4e.0 42.F 13.1 1.04 ?.2
4,.4 11.5 1.21 2.1
4J.4 9.7 1.)3 1.4

4 3. E 6 .4 1.66 1.1
4;u.3 43.4 6.5 1.74 1.0

CALCULATE'" FARTI, TEMPERATIUES AT OBSERVED LVPTHS(*)

MfPAUTH 3F YtAR

I•?.LU ;.•. ,°.. 1.4 38.1 47.5 56.0 61.1 61.6 57.' 49.5 40.0 )1.?
'4.O ).jR /1., 10.9 16.) 44.7 52.4 57.7 59.4 S6.9 S0.9 44.Q 3°.5

.' Jii% R 31.A )6.2 42.S 4 4. 5 54. 7 5 7.?7 56.0 -l. 1 45.1 38.4
44.0 Is.? • 13.n 16.C 41.0 47.0 52.1 55.0 54.9 51.9 46.? 40.9

U.0 18.0 5.') . 4.3 M6.1 4 3.1 45.2 49.14 53.0 53.7 51.9 47.7 42.-
0.K 4 ..2 it.? 17.6 47.5 17. 42.3 45.7 48.7 50.5 50.4 4A.* 4"..7

1?C.0 44.5 4'.7 4U.4 7).S 34.8 41.3 41.4 45.8 47.7 48.5 48.2 46.7

.%' !Ar1C ISQAwr-. - %-[C FOR. tl'i CALCULATICe

A """OW' "-'rf""'6H ,t=,il5



STA-34
FARTH TEMPERATURE STATION I8OZEMANqMONTANA

CAICULATEC FARTh TEMPERATURES AT SELECTED CEPTHS
FUR DIFFUSIVITY=0.025i As 44.0 ,960 21.0 AND P0= 0.68

MOATH OF YEAR
DEPTH BELOW
SURFACE(1I A) J F M A M J J A S U N D

24.0 28.7 27.6 30.6 37.5 45.8 53.9 59.1 60.4 57.1 50.4 41.8 34.0
48.0 33.5 41.1 3:.0 36.2 42.3 4"*, 54.3 56.9 55.9 51.8 45.4 38.8
72.0 37.4 34.4 33.9 36.1 40.3 45,7 50.4 53.6 54.1 51.9 47.5 42.2
96.0 40,4 37.3 46.0 36.7 39.4 43.4 47.4 50.7 52.0 51.2 48.4 44.5

120.0 42.6 39,7 38.0 37.8 39.2 42.0 45.3 48.2 50.1 50,2 48.6 45.9
IN TE'qATED
AVERAGE F'[OM
SURFACE 34.6 32.5 33.3 37.0 42,5 48.5 53.2 55.5 54.6 50.9 45.2 39.4
r[ 10 FT.

CALCULATEC AUGUSjT EARTH TEMPERATURE AT SEL[CTFD DIFFUSIVITIFS
AND SELECTED DEPTHS

OEPTH BELOW CIFFUSIVITIES
SUOFACE(IN ) O.uD 0.020 0.0M5 0.030 0.040

24.0 58.4 60.0 60.4 (0.7 61.1
48.0 53.1 50.1 56.*- 57.5 58.4
72.0 48.8 52.5 53.o 54.4 55.6
96.0 45.9 49*5 50.? 51.6 53.1

120.0 44.1 47.1 48.2 49.2 50.8
I ITE EGRATE)
AVERAGE FROM
)UiPACý 51.9 54.7 55,0 56.1 57.1
tO 1O FT.



'T-34

EART11 TEMDFRATURJf STATION BOLEMAN,MONTANA
rYPZ CF SO1IL UNKNOWN
TYPE CF EARTH SutwFAE UNKNOWN
PATA PROCESSED BY JEN-HU-CHANG
OiATA SOURCF REFERENCE[5)

PI'RICC OF OPSERVATIrPh 1916-1920

flfRSERVEu MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YFAR

DEPTH BEL9W
SURFACEI IN) J f- m A M J J A S 0 N D

S12.0 19. 7 ?4. 1 10.2 35.0 44.2 55.4 64.4 62.9 55.4 44.,6 35.4 31.5

24.0 31.8 3C.7 31.4 34.8 42.8 52.3 60.0 61.4 56.2 47.0 38.6 34.1
36.0 33,5 32.? 32.0 34.1 40.0 48.7 56.1 58.1 55.1 47.6 39.9 35.6
48.0 36.0 34.4 33.6 34.6 38.8 46.1 53.8 57.3 55.2 49.2 42.8 34.3
60.0 37.7 35.7 34.7 35.3 38.8 44.8 51.0 54.2 53.7 49.8 44.4 40.2
9C.0 41.2 3g.3 37.9 37.4 38.7 42.0 46.6 5C.8 51.9 50.0 46.4 43.4

12C.0 41.8 39.P 38.5 37.9 38.7 41.7 4b.1 50.0 51.4 50.1 46.9 43,.

d ESLLTS CF I FASf SQUARES ANALYSIS
LDEPTH BELC;W STANDARD
SSURFACE(IN) AVERAGHA) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

12.0 43.2 17.6 L.79 3.2
24.0 43.5 15.4 0.92 2.4

6*.0 42.8 13.1 1.04 2.2
48.0 43.4 11.5 1.21 2.1

CC.0 43.4 9.7 1.33 1.4
'C.0 43.8 6.9 1.66 1.1

120.0 43.9 6.5 1.74 1.0

CALCULATEC FARTH TEMPERATURES AT OBSERVED CEPTHS(*)

MONTH OF YEAR
DEPTH HELnw
SURFACECIN) J F M A J J A s 0 N 1)

12.0 26.8 26.4 30.4 38.3 47.5 56.0 61.1 61.6 57.3 49.5 40.0 31.3
24.0 30.1 28.6 30.9 36.9 44.7 52.4 57.7 59.4 56.9 50.9 42.9 35.5
16.0 33.1 30.l 31.8 36.2 42.5 49.5 54.7 57.2 56.0 51.7 45.1 38.4
4*.0 35.7 32.1 33.0 36.0 41.0 47.0 52.1 55.0 54.9 5t.9 46.1 40.9
60.0 38.0 35.0 34.3 36.1 40.1 45.2 49.8 53.0 53.7 51.8 47.7 42.8
10.0 42.2 39.2 17.6 37.5 39.2 42.3 45.7 48.7 50.5 50.4 48.1 45.7

120.0 44.5 42.2 40.4 39.5 39.8 41. 3 43.4 45.8 47.7 48.5 48.2 46.7

11 :3ASIC PARAMF.TFRS USED FOR THE CALCULAIION

A -44.09H0=21.0,Pr=().68 ,C=.015



ST-35
EARTH TEMPERATURE STATION BO.EMANMONTANA
TYPE CF SOIL UNIKNOWN
TYPE CF EARTH SUilFACE UNKNOWN
DATA PROCESSED RY E.P.FITTON
OATA SUURCL REFERENCE(4)

PFRIOC OF 0MSERVATION 1916-1920

OBSERVED IoNFHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR

DEPTH BELOrW
SU.IFCE{IN) J F M A M J J A S 0 N D

12.0 29.7 29.1 $0.2 35.0 44.2 55.4 64.4 62.9 55.4 44.6 35.4 31.5
24.0 31.9 30.7 31.4 34.8 42.8 52.3 60.0 61.4 56.2 47.G 18.6 34.1
36.0 33.5 32.? 32.0 34.1 40.0 48.? 56.1 58.-1 55.1 47.b 39.9 35.6
48.0 16.0 34.'1 33.6 34.6 38.8 46.1 53.8 57.3 55.2 49.2 42.8 38.3
60.0 37.7 35.? 14.7 35.3 38.8 44.8 51.0 54.2 53.7 49.8 44.4 40.2
90.0 41.2 39.1 7.9 37.4 38.7 42.0 46.6 50.8 51.9 50.0 46.4t 43,4
12C.O 41.8 39.A 38.5 37.9 38.7 41.7 46.1 50.0 51.4 50.1 46.1 43.o)

RESLLTS OF LEAST SQUARES ANALYSIS
OEP H BELOW STANDARD
SURFACE( IN) AVFRAGP(A) AMPLIrUDE(B) PHASE ANGLE(PI DEVIATION

12.0 43.2 17.6 C.79 3.2
24.0 43.5 15.4 0.92 2.4
36.0 42.8 13.1 1.04 2.2
48.0 43.4 11.5 1.21 2.1
6C.0 43.4 9.7 1.33 1.4
X.0 43.8 6.9 1.66 1.1

120.0 43,9 6.5 1.74 1.0

CALCULATEC FARrH TEMPERATURES AT OBSERVED LEPTHS(*)

MCINTH OF YEAR

DFPTH BELOW
SURFACE(l') J r M A M J A S 0 N 0

12.0 2t.8 26.4 30.4 38.3 47.5 56.0 61.1 61.6 57.3 49.5 40.0 31.9
24.0 30.l 28.6 30.9 36.9 44.7 52.4 57.7 59.4 56.9 50.9 42.9 35.5
36.0 33.1 30.8 31.8 36.2 42.5 49.5 54.7 57.2 56.0 51.7 45.1 38.4

,,8.0 35.7 32.9 33.0 36.0 41.0 47.0 52.1 55.0 54.9 51.9 46.7 40.-9
60.0 38.0 35.0 34.3 36.1 40.1 45.2 49.8 53.0 53.7 51.8 47.7 42.8
9C.o 42.2 39.? 37.6 37.5 39.2 42.3 45*. 48.7 50.5 50.4 48.7 45.7

120.0 44.5 42.2 40.4 39.5 49.8 41.3 43.4 45.8 47.7 48.5 48.2 46.7

( BASIC PARAMETERS USED FOR THE CALCULATIOUJ

A :44.0,B[}=21.0,P t =0.68 ,0=.015



S!A-35
EA-RTH TEMPERATURF STATION trOZEMANMONTANA

CALCULATr rAR, T- TEMPERATURES AT SELECTED CFPTHS
FOR I)IFFUSIVITY=0.025, A= 44.0 9t0= 21.0 AND PO= 0.63

MONTH (IF "FAR

DEPrI- BELfiw
'UuFACE(IN) J F A M J J A S (1 N D

24.0 28o4 27.7 31,1 38.2 46.6 54.6 59.5 60.3 56.6 49.6 41.0 33.3
48,0 33.1 11.0 12.2 36.7 43.0 4:3.7 54.7 57.0 55.6 51.2 44.7 31.2

72.0 37.0 34.2 34.0 16.4 40.8 46.2 50.8 53.8 54.0 j1.5 47.0 41.7
96.0 40.0 '37.1 36.0 36.9 39.o 43.8 47,8 50.9 52.1 51.1 4A.1 44.1

120.0 42.3 39.5 37.9 37.9 39.5 42.3 45.6 48.o 50.1 50.1 48.4 45.6
INTFGRATEIE
AVERAGE FROV
SURFACE 34.3 32.4 33.5 37.5 43.1 49.1 53.5 55.5 54.3 50.4 44.6 38.8

Tb 10 FT.

CALCULATEF AUGUST FARTH TEMPERATURE AT SELECTED I)IFFJSIVITIhS

AND SELECTEfl DEPTHS

UEPTH BELOW CIFFUSIVITIES
SURFACE(IN) 0.010 0.020 0.025 0.030 0.040

24.0 58.4 59.9 60o3 £0.6 61.0

48.0 53.1 56.2 57.0 57.6 58.4
7?.0 49,0 52.7 53.8 t4.6 55.8

96.0 46.1 49. 1 50.9 51.8 53.3

120.0 44,3 47.3 48.) A9.5 51.0

IPITFGRATEL
AVERAGE FRCM
SURFACE 52.1 54.7 55.5 56.2 57.1

Ti) L1 FT.



ST-36
EARTH TEMPERATURE STATION HUNTLEYtMONTANA
TYPE CF bOIL CLAY
TYPF CF EARTH SURFACE SOD
OArA PROCESSED MY
LDATA SOURCE CLIMATOLOGICAL DATA

;'?F'1CP OF OIISERVATInN 19t1-1962

O]HSERVED MCNTHLY AVERAGE EARTH TEMPi:RATURES

MCNfo (OF YEAR
DEPTH BFL(:W
SUR-ACE(IN) .M F M A M J J A S (j A U

2.0 27,9' 32.0 37.8 48.6 54.8 71.4 75.1 71.9 58.1 48.6 37.5 30.3
4.0 26,4 3C.2 36.0 47.8 58.5 70.1 74.1 71.1 58.1 48.6 37.3 30.5
8.0 28.1 3C.? 34.3 44.6 54.8 66.1 70.7 69.3 57.9 48.1 38.2 34.1

20.0 43,5 33..4• 31.3 44.6 53.7 63.7 71.6 70.5 61.8 52.5 43.0 36.4
4C.0 37.4 3b.,) 38.3 42.1 44.9 57.2 65.9 63.6 60.7 :)6.0 48.3 42.3
60.0 39.9 38.4 38.9 41.0 47.2 53.5 60.4 64.6 63.7 59.7 55.T 48.1

RESLLTS OiF LEAS. SQUAIES ANALYSIS
DrEPTH BELOW .iTANDARD
SURFACE(IlJ) AVFRAGF(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

2.0 49.9 23.4 C.50 3.1
4.0 49.2 23.4 0.53 3.0
8.0 48.1 21.0 (.62 3.0

20.0 50.1 19.4 0.73 2.2
40.0) 49.9 14.6 C.99 2.1

6C.0 51.1 13.3 1.32 4.1

CALCULATEC. FARTH TEMPERATURES AT OBSERVED DEPTHS(*) j

MONTHR OF YFAR
LFPTH BELOW
SURFACE(IN) J F m A M J J A S U P D

2.0 25.6 29.1 38.0 50.5 62.5 71.4 74.4 70.9 61.5 49.) 37.0 2R.5
4.0 26.1 29.4 37.8 49.) 61.? 70.7 73.9 70.7 61.7 44.9 37.7 21.2
8.O 27.1 29.8 37.5 48.9 60,3 69.3 72.8 70.3 62.0 50.9 39.1 30.6

2C.0 P aLh.- 31.1 36.9 46.4 56.6 65.3 69.6 68.8 62o7 53.4 42.4 34.6
40.0 35.2 34.? 37.1 43.7 51.8 59.6 64.7 65.9 62.6 56.2 47.q 40.3
6C.0 !9.5 37.3 38.3 42.5 ',Ro6 55.e 60.3 62.7 61,6 57,4 S1, 44.7

(o) H.SIC PARAMETERS USED FOR THE CALCULATION

A =•o.0,I,!I=25.0,PC=O.47 ,tls.0o0



STA-36
'AITH TPMAPLRATURP. STATION HUNTLE Yo MONTANA

CALCULATEC FARTH TEMPERATURES At SELE-CTED LEPIHS
FOR DIFFU'IVITY=O.025, A= 50.0 ,90= 25.0 AND Pfl= 0.47

MONTH OF YFAR
DEPTH BEL(lh
JURFACE(I'J) M A M J J A S 0 N 0

24.0 30.6 31.j 36.9 46.1 56.2 64.8 69.3 6k 6 62*8 53.7 43.3 35.1
49.0 33.8 34.6 17.2 43.4 51.2 59.9 64.0 65.4 62.5 56.4 48.4 41.0
72.0 40.3 17.') 38.6 42.4 48.1 ')4.4 59.5 62.1 61.3 !7.3 51.6 45.5
)60. 44.0 41.1 40.5 42.4 46.3 51.3 55.8 58.9 5V4.5 57.6 i3.5 4A.6

120.0 46.8 43.A 42.5 43.1 45.5 49.2 53.0 56.1 57.5 56.9 54.3 50.7
IN•TEGRATEI)
AVER.•E F',flk,
SURFACt 37.4 16.1 384.6 44.2 51.1 57.9 62.5 63.7 61.2 55.7 48.6 42.0
TOI 10 FT.

CALCULATrC AUrUST EARTH TEMPF.qATURE AT SELECTED DIFFUSIVITIES
AND SELECTE!' GEPTFS

DEPTH, BELOW CIFFUSIVITIES
.%URI-4CE(II) O.1O 0.020 0.025 U.030 0.040

24.(, 66.8 68o3 68.6 t8.9 69.2
48.0 61.5 64.6 65.4 66.0 o6.8
12.0 56.8 60.9 62.1 E2.9 64.2
96.0 53.2 57.5 58.9 59.9 61.5

120. ill. ') 54.7 56.1 57.3 59.0
1 'JTEG4A TED
AVERAGE FR,11
SURFACE 59.8 62.8 63.1 t4.4 65.4
Ti IC FT.



ST-31
EARTH TEmIERATURE STATION LINCfXLNvEB.AASKA
TYPi CF SOIL UNFNOWN
TYPE OF FARIH SURFAr.L 4ARE
DATA PROCFSSED KY E.P.FITTUN
D)ATA SOURCE RFFEkFNCE.4)

PE RILfJt OF OtiSEkVATICN 19C0-1914

rOSFRVEO POCNTHLY AVEaAG EAR•'H TEMPLRAIUqES

MONTH OF YEAR
DEPTIH BELOW

SURFACEIIN) J F m A M J A S D

1.0 30.0 28.2 '42.4 58.6 74.5 82.3 90.8 85.6 72.0 60.0 43.5 31.0
.0 30.0 28.7 41.1 59.3 72.1 81.2 884.6 85.3 12.9 61.4 44.3 31.6

6.0 24.6 28.0 37.9 54.5 64.7 77.5 83.6 82.0 71.0 bO.2 44.1 31.1
9.0 10.0 2P.4 15.7 50.8 64.4 73.0 79.4 77.1) 70.5 59.0 44.3 33.4

12.0 31.4 ?9.1 35.0 48.2 60.8 69.5 75.8 75.0 66.6 58.4 45.1 34.8
24.0 15.1 32.9 14.7 44.8 56.5 b6.2 70.8 71.6 66.9 5"4.7 49.5 39.5
16.0 38.1 515.1 35.7 43.0 53.2 61.1 67.5 69.4 66.7 60.7 52.1 43.2

,4FSLLTS OF LEAST SQUARES ANALYSIS
UEPTH BELnw STANDARD
SURFACE IN) AVFRAG=tA) AMPLITUDE(B) P1HASE ANGLEMP) DEVIATION

1.0 58.4 30.9 C.53 2.0
3.0 58.2 30.1 C.51 1.9
6.0 55.9 28.3 0.62 1.5
9.0 54.0 26.0 C.64 1.2

12.0 52.6 21.5 0.3 1.ý
?4.0 52.3 14.7 C.R9 1.0
16.0 52.3 17.3 10.0 0.8

I
I



STA-37

VAq, I TEMPERATURE STATION LIN(COLN,gfEfhASKA

CALCULATEC FARTl- TEMPERATURES AT SELECTED LEPTHS
FOR DIFFIAIVIrYvO.025, A= 54.0 ,B0= 28.0 AND PO= 0.52

MCNTH OF YEAR
IJEPrTH BELOW
SURFACE(IN) J F M A M J J A S U N 0

24.0 32.5 32.1) )8.5 48.6 59.9 b9.8 75.3 75.2 6-,.l 59.2 47.6 38.0
49.0 38.5 36.7 39.2 45.9 54.5 63.3 69.3 71,3 68.5 62.0 53.0 44.6
72.0 43,6 40.6 41.0 44.9 51.2 59.3 64.2 67.4 66.9 63.0 56.5 49.5
'46.0 47.7 44.' 43.3 45.2 49.3 54.9 60.1 63.1 64.7 62.8 58.4 53.0
12C.0 50.8 47.4 45.7 46.1 48.6 52,7 57.0 60,.6 62.4 6.1, 59,2 55.2

I - I EGRATED
AVERAGE FROM
SURFACE 40.2 38.6 40.9 46.8 54.'ý 62.2 67.6 69.4 66.9 61.1 53.2 45.1
rT 10 FT.

CALCULATEC AUGUýT EAATH TFMPERATUi'.E At SELECTED DIFFUSIVITIES
AND SELECTEn DEPTIS

UEPTH BELOW CIFFUsIVITIES
SURFACE(IN) 0.010 0.020 0.02t) 0.030 0.040

24.0 73.0 14.7 75.2 75.5 75.9
48.0 66.8 70.4 71.3 12.0 73.u

72.0 61.3 66.0 67.4 18.4 69.8
96.0 57.4 62.2 63.? 65.0 66.8

120.0 54.8 59.0 o0.6 61.9 63.9
IN4TEGRATED
AvýRA';- FROM
SURFACE 55.0 68.4 64.4 10.2 71.3
Tr: 10 FT.



ST-38
EARTH TEPPERATURE STATION LINCOLNt'4EBRASKA
TYPE CF SOIL UN KNOWN
TYPE OF EARTH SURFACE UNKNOWN
DATA PROCESSED BY C.P.FITTON
DATA SOURCE REFERENCE(4M

PERIOC OF OBSERVATION 18I4-1904

ORSERVED PONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACEIIN) J F M A M J J A S 0 N D

1.0 28.2 29.0 40.1 58.7 70.9 79.2 86.9 85.1 73.7 58.1 40.6 51.2
3.0 38.5 27.A 38.R 57.6 69.7 78.1 85.1 84.0 73.5 59.4 42.7 31.4
6.0 9.o0 28.1 37.4 53.6 66.7 76.1 82.1 80.9 72.0 58.3 42.6 31.7
9.0 29.8 28.0 56.0 50.8 64.2 73.7 79.7 78.9 71.0 58.5 38.9 24i.8
12.0 30.2 29.9 35.6 49.1 61.2 69.7 75.8 75.6 69.2 57.9 44.5 34.6
24.0 35.1 33.1 35.3 45.4 56.9 64.6 70.5 72.0 68.2 60.0 4q.2 39.5
36.0 38.1 35.1 36.0 43.6 53.8 61.5 67.7 69.8 67.9 61.3 51.9 43.0

RESLLTS OF LEAST SQUARES ANALYSIS
DEP1H BELOW STANDARD
SURFACE(IN) AVERAGEIA) AMPLITUDE(R) PHASE ANGLE(P) DEVIATIOH

1.0 56.9 30.3 C.55 2.0
1.0 57.3 27.8 0.60 3.9
6.0 55.0 27.9 (.62 1.2
9.0 53.3 27.3 0.63 2.2

12.0 52.9 23.9 C.72 0.9
24.0 52.6 19.9 0.99 0.9
36.0 52.6 17.7 I.C3 0.7



STA-38
EARTH TEMPERATURE STATIUN LI hCOLN, NEBRASKA

CALCULATEC FARTH TEMPERATURES AT SELECTED LEPTHS
FOR DIFFUSIVITYsO.025, An 53.0 ,U0 28.0 AND PO= 0.52

MONTH OF YEAR
DEPTH BELOW
SURFACEIIN) J F M A M J J A S 0 N D

24.0 31.5 31.9 37.5 47.6 58.9 68.8 74.3 74.2 68.1 58.2 46.6 37.0
48.0 3715 35.7 38.2 44.9 53.5 62.3 68.3 70.3 67.5 61.0 52.0 43.6
72.0 42.6 39.6 40.0 43.9 50.2 57,3 63.2 66.4 65.9 62.0 55.5 48.5
96.0 46.7 43.2 42.3 44.2 48.3 53.9 59.1 62,7 63.7 61.8 57.4 52.0
1200. 49.8 46.4 44.7 45.1 47.6 51.7 56.0 59.6 61.4 60.9 58.2 54.2

14ITEGRATED
AVERAGE FROM
SURFACE 39.2 37.6 39.8 45.8 5394 61.2 66.6 68.4 65.9 60.1 52.2 44.7
TO 10 FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

QEPTI- BELOWi CIFFUSIVITIES
SURFACEIIN) 0.010 0.020 0.015 C.030 0.040

24.0 72.0 73.7 74.1 74.5 74.9
48.0 65.8 69.4 70.3 71.0 72.0
12.0 60.3 S5.0 66.4 67.4 68.8
96.0 56.4 61.2 62.7 64.0 65.6

120.0 53.9 58.0 ,9.6 60.9 62.4
1i;4TEGRATED
AVERAGE FROM
A)UJRFACE 64.0 61.4 68.4 e9.2 70.3

TlJ 10 FT.



ST-39
EARTH TEMPERATURE STATION NORFOLK,NE8RA(A
TYPE CF SOIL UNWNOWN
TYPE CF EARTH SURFACE UNKNOWN
DATA PROCESSED BY JEN-HU-CHANG
DATA SOURCE REFERENCE(5)

PERIOC OF OeSERVATION 1950-1952

UBSERVED PONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH CeLOW
SURFACEHI1) J F N A M J J A S 0 N 0

3.9 29.• 33.6 36.2 63.0 71.6 78.0 71.9 65.0 5r,.6 37.7 34.0
7.9 31.0 3C.4 35.8 61.2 72.6 79.0 73.0 67.7 56.8 40.6 33.7

11.8 29.7 35.4 33.2 62.2 71.5 76.7 73.8 68.1 57.6 41.7 33.8
19.7 30.e 34.4 32.0 b0.8 70.0 75.0 72.9 68.0 56.8 43.4 34.4
39.4 33.7 34.3 33.7 57.8 66.8 72.5 71.6 67.7 59.0 47.6 38.2

RESLLTS OF LEAST SQUAIES ANALYSIS
DEPIT BELOW STANDARD
SURFACEI[N) AVERAGF(A) AMPLITUDE(R) PHASE ANGLE(P) DEVIATION

3.o 52.4 23.5 C.57 2.3
7.9 53.5 23.5 0.60 2.5

11.8 52.9 23.7 (.67 2.5
19.7 52.3 73.0 0.70 2.5
39.4 52.5 20.6 C.R3 1.5

I

Ai
I$
I



STA-34
EARTH TEMPERATURE STATION NOKFOLK ,EBRASKA

CALCULATEC FARTH TEMPERATURES AT SELECTED ,EPTHS
FOR OIFFUSiVITY=O.025, An 53.0 9bOw 24.C AND POx 0.54

MONTH OF YEAR

DEPTH BELOW
SURFACEIIN) F A M J J A S 0 4 D

24.0 34.7 34.0 39.4 48.0 57.7 66.3 71.2 71.2 66.2 57.8 47.9 39.6
48.0 39.9 38.1 40.2 45.8 53.1 60.7 66.0 67.9 65.6 60.1 52,5 45.2
72.0 44.2 41.6 41.8 45.1 50.3 56.5 61.6 64.4 64.1 60.9 55.4 49.4
96.0 .7.8 44.7 41.8 45.3 48.8 53.6 58.0 61.3 62.2 60.6 57.0 52.3

120.0 50.4 47.4 45.9 46.2 48.3 51.7 55.4 58.6 60.1 59.8 57.6 54.2
INTEGRATED
AVERAGE FROM
SURFACE 41.3 39.a 41.6 46.6 53.1 59.8 64.5 66.2 64.2 59.3 51.5 46.1
TO 10 FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACEIIN) 0.010 0.020 0.025 C.030 0.040

24.0 69.3 70.9 71.& 71.5 71.9
48.0 63.9 67.0 67.1 t8.5 h9.3
72.0 59.2 63.3 64.4 65.3 66.6
96.0 5518 59.9 61.3 f2.3 5.9

120.0 53.6 57.2 58.6 59.7 1 .4
IWrEGRATED
AVEkAGE FROP
SURFACE 62.4 65.1 66.2 t6.4
to 10 FT.



ST-40
EARTH TEMPERATURE STATION NEW BRL'NSWICKN.J.
TYPE CF SOIL UNKNOWN
TVI'E CF EARTH SURFACE BLUE GRASS SOD
DATA PROCESSED BY JE N-HU-CHANG
DATA SOURCE REFERENCE(S)

PERIOC OF O0SERVAl InN 1953-1955

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPrT BELOW
SURFACEIIN) J F M A M d J A 0 0

1.0 32.9 34.9 39.3 50.4 62.0 69.6 78.7 75.2 6'7.6 59.7 45.9 35.4
3.0 33.6 35.0 39.7 41.9 57.6 67.9 73.9 72.0 66.7 6U.? 46.7 38.2
ic.0 35.2 35.3 39.9 48.9 56.5 65.6 71.7 71.3 66.8 60.4 48.2 39.8
24.0 37.8 36.4 40.1 47.0 54.4 62.6 68.3 69.8 66.4 61.4 50.8 42.8

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACEHIN) AVERAGF(L) AMPLITUDE(B) PHASE ANGLE(P) DEVI.TION

1.0 54.5 22.3 C.69 1.4
i.0 53.6 20.0 O.75 1.1
10.0 53.4 18.7 C.81 0.8
24.0 53.2 I1.o 0,94 0.6



STA-40

EARTH TEMPERATURE STATION NEh BRUNSWICKN..J.

CALCULATEC EARTH TEMPERATURES AT SELECTED DEPTHS
FOR DIFFUSIVITY=O.0259 A= 53.0 ,b(= 21.C AND PO= 0.69

MONTH OF YEAR

DEPTH BELOW
SURFACETIN) J F M A M J J A S 0 N D

24.0 37.8 36.6 39.5 46.3 54.6 62.8 68.1 69.4 66.2 59.6 50.9 43.1
48.0 42.5 40.1 40.9 45.1 51.2 58.0 63.3 65.9 64,9 60.9 54.5 47.9
72.0 4b64 43,4 42.9 45,0 49.2 54.6 59.4 62.6 63.1 60.9 56.6 51.3
96°0 49.5 46.3 45.0 45.7 48.3 52.3 56.4 59.6 61.0 60.3 57.5 53,6

120.0 51.6 48,4 47.0 46.8 48.2 51.0 54.2 57.2 59.0 59.2 57.7 55.0

'NTEGRATED
AVERAGE FROM
SURFACE 43.7 41.5 42.3 '5.9 51.4 57.4 62.1 64.5 63.6 60.U 54.3 48.5
TO 10 FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTEfn DEPTHS

DEPTH BELOW CIFFUSIVITIES

SURFACEUIN) 0.010 0.020 0.025 0.030 0.040

24.0 67.4 69.0 69.4 f9..7 70.1

48.0 62.0 65.1 65.9 66.5 67.4
72.0 57.8 61.5 62*6 03.4 64.6
96.0 54.8 58.4 59.o 60., 62.0

120.0 53.1 56.0 57.2 58.2 59.7

INTFGRATED
AVERAGE FROM
SURFACE 60.9 63.6 64.5 65.1 66.1
TO 10 FT.



ST-41
EARTH TEMPERATURE STATIUN ITHACANEW YORK
TYPE OF SOIL UNKNOWN
TYPE CF EARTH SURFACE GRASS SOD
DATA PROCESSED BY JEN-HU-CHANG
DATA SOURCE REFERENCE(5)

PERIOC OF OBSERVATION 1941-1946

OBSERVED PONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACEHIN) J F M A M J J A S 0 N D

3.0 32.4 31.4 35.7 43.8 54.6 62.9 67.6 66.3 63.0 51.3 41.1 33.8
6.0 32.8 31.8 15.5 43.3 53.6 62.2 67.1 66.2 63.3 52.0 42.0 34.4

12.0 33,9 32.7 35,2 42.5 52.1 60.6 65.8 65.6 63.1 53.4 43.5 36.1
24.0 36.5 34.6 35.7 41.6 49.8 56.4 63.7 64.5 62.8 55.3 46.6 39.1
48.0 40.0 37.7 37.3 40.6 45.9 52.8 58.3 61.0 61.1 56.9 50.6 43.9
96.0 45.7 43.0 41.1 41.6 53.8 47.5 51.4 54.5 56e7 56.1 53.2 49.3

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACECIN) AVERAGE(A) AMPLITUDE(B) PhASE ANCLF(P) DEVIATION

3.0 48.8 18.9 C.71 1.3
6.0 48.8 18.5 0.75 1.2

12.0 48.8 17.5 C.83 1.1
24.0 49.0 15.4 0.97 1.1
48.0 48.9 12.2 1.23 0.6
96.0 49.5 6.8 1.51 2.9

I

I

I6



STA-41
EARTH TEMPERATURE STATION ITHACAYNEW YORK

CALCULATEC EARTH TEMPERATURES AT SELECTED [EPTHS
FOR DIFFUSIVITY=0.025t Az 49.0 tBO= 19.0 AND PO= 0.69

MONTH OF YEAR
DEPTH BELOW
SURFACE[IN) J F M A M J J A S 0 N D

24.0 35.2 34.2 36.8 42.9 50.5 57.8 62.6 63.9 60.9 54.9 47.1 40.1
48.0 39.5 37.3 33.1 41.8 47.4 53.5 58.3 60.7 59.8 56.1 50.3 44.4
72.0 43.1 40.3 39.8 41.8 45.6 50.4 54.8 57.6 5P.1 56,2 52.2 47.5
96.0 45o8 43.0 41.7 42.4 44.8 48.4 52.0 55.0 56.3 55.6 53.1 49.6

120.0 47.8 45.2 43.6 43.4 44.7 47.2 50.1 52.8 54.5 54.6 53.2 50.8
INTFGRATED
AVERAGE FROM
SURFACE 40.6 38.6 39.3 42.6 47.5 53.0 57.3 59.4 58.6 55.3 50.2 44.9
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACEIIN) 0.010 0.020 0.025 0.030 0.040

24.0 62.0 63.5 63.9 L4.1 64.5
48.0 57.2 59.9 60.1 61.2 62.0
72.0 53.3 56.7 57.6 58.4 59.5
96.0 50.7 53.9 55.0 55.9 57.2

120.0 49.1 51.7 52.8 53.7 55.1
INTEGRATED
AVERAGE FROM
SURFACE 56.2 58.6 59.4 60.0 60.8
TO 10 FT.



ST-42
EARTH TEMPERATURE STATION ITHACAtNEW YORK
TYPE CF SPIL LOAM
TYPE OF EARTH SURFACE GRASS-SOO
DATA PROCESSED BY
DATA SOURCE US WEA;HER R.C.

PERIODC OF OBSERVATION 1943-1947

OHSERVED PONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACEHIN) J F M A M J J A S 0 N D

0. 31.6 31.2 36.0 43.6 54.2 65.0 69.0 66.4 57.8 49.8 39.2 33.4
3.0 32.2 31.9 35.0 42.8 52.8 63.8 68.6 66.0 58.4 50.6 40.4 34.4
6.0 32.8 32.2 35.2 41.4 52.4 63.4 67.4 66.0 58.8 51,2 41.2 35.2

12.0 33.8 33.7 35.2 41.6 51.2 61.4 66.2 64.0 S9.0 51.0 44.0 37.2
24.0 36.6 35.2 35.6 41.2 48.8 59.0 64.2 64.1 604. S4,#4 47.6 40.6
48.0 40.2 38.4 37.4 40.6 45.2 52.0 59.2 61.0 59.8 55.8 51.0 45.4
96.0 46.0 43.2 41.4 41.6 43.8 48.2 52.6 SS.4 .6*6 55.6 5Z.7 49.2

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOw STANDARD
SURFACE(IN) AVERAGE(A) AMPLITUDEIB) PHASE ANGLE(P) DEVIATION

0. 48.2 19.1 0.64 3.1
3.0 48.2 18.5 C.69 3.1
6.0 48.2 18.0 0.73 3.0

12.0 48.3 16.5 C.80 2.6
24.0 49.0 15.0 0.96 2.7
48.0 48.9 11.8 1.25 2.6
96.0 49.0 7.7 1.65 1.2

LALCULATED EARTH TEMPERATURES AT OBSERVED DEPTHS(e)

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S U N 0

0. 30.1 31.6 37.3 46.6 56.2 64.1 67.8 66.5 40.3 51.3 41.4 33.8
3.0 30.8 31.9 37.2 46.1 55.4 63.3 67.2 66.2 60.4 51.8 42.1 34.6
6.0 31.4 12.2 17.2 45.6 54.7 62,5 66.5 65.3 60.5 52.2 42.8 35.4

12.0 32.7 32.9 37.1 44.8 53.4 61.0 65.2 65.1 60.6 53.1 44.2 36.4
24.0 35.1 34.4 37.3 43.5 51.1 58.2 62.7 63.6 60.5 54.3 46.6 3Y.7
48.0 39*5 37.5 38.4 42.2 47.7 53.7 58.3 60.S 59.1 55,7 50.0 44.2
96.0 45.9 43.2 42.0 42.7 45.0 48.5 52.0 54.6 14.0 55.3 52.9 49.5

I() BASIC PARAMETFRS USED FOR THF CALCULATION f

A z49.0,,0=l9.0,PC-0.64 #C-.023



SrA-42
EARTH TEMPERATURE STATION ITHACANEW YORK

CALCULATED FARTH TEMPERATURES AT SELECTED CEPTHS
FO'R DIFFUSIVITY=O.025, A= 49.0 ,BOv 19.C AND PO= 0.64

MONTH OF YEAR
DEPriI BELOW
NURFACE(IN) J F M A M J J A S 0 N (

24.0 34.9 34.3 37.3 43.6 51.2 58.4 62.9 63.8 60.5 j4.3 46.4 39.5
48.0 39.2 37.1 38.3 42.3 47.1 54.0 58.6 60.7 59.6 55.6 49.8 43.1
72.0 42.7 40.' 3-), 42.1 46.0 50.9 55.1 57.8 58.0 55.9 51.8 47.0
96.0 45.5 42.9 41.7 42.6 45.1 48.7 52.4 55.2 56.3 55.4 52.8 49.2

120.0 47.5 45.0 43.5 43.4 44.8 47.4 50.4 53.0 54.5 54.6 53.0 50.5
INTEGRATED
AVERAGE FROM
SUIFACE 40.3 38.6 39.5 43.0 48.0 53.5 57.6 59.4 58.4 54.9 49.7 44.4
TO 10 FT.

CALCULATFC AL•JUST EARTH TEMPERATURE AT SELECTED UIFFUSIVITIES
AND SELECTEr DEPTFS

D)EPTH BELOW DIFFUSIVITIES
SURFACEHIN) 0.010 0.020 0.025 0.030 0.040

24.0 62.0 63.4 63.8 64.0 64.4
48.0 57.3 60..0 60.1 CI.3 62,0
72.0 53.5 56.A 57.b 53.5 59.6
96.0 50.8 54. 1 55.2 56.1 57.3

120.0 ',9.2 51.9 53.0 53.9 55.3
I NTEGIA TED
AVERAGE FUOM
SURFACE 56.3 58.7 59.4 0.0 60.8
TO tO FT.



ST-43
EARTH TEMPERATURE STATION RALEIGHN.C.
TYPE CF SOIL SANDY LOAM
TYPE CF EARTH SURFACE fBARE
DATA PROJCESSED BY
DATA SOURCE CLIMATOLOGICAL DATA

PERIOC OF npSERVATION 1960-1962

OBSERVED PO,,THLY AVERAGE EARTH rEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACEHIN) J F M A M J J A S 0

4.0 41.6 44.7 48.6 62.1 72.6 77.6 79.7 80.4 74.7 66.6 54.8 43.3
R.o 41.4 44.4 48.4 60.8 71.9 76.9 79.3 79.4 74.3 66.3 SS.l 43.9

PFSLLTS GF LEAST SQUARES ANALYSij
DEPTF, 2ELCW STANDARDI
SURFACE(I,'j) AVERAGr-(A) AMPLITUDE(B) PHASE ANGLEIP) DEVIATION

4.0 62.4 20.2 C.62 3.1
8.0 62.0 19.8 0.64 2.9

I.



STA-43
EARTH TEMPERATURE STATION RALEIGH,N.C.

CALCULATEC FARTH TEMPERATURES AT SELECTED CEPTHS
FOR DIFFUSIVITY=0.025, Am 62.0 80= 19.0 AND PO= 0.60

MONTH OF YEAR
DEPTH BELOW
SURFACEIIN) F M A M J J A S 0 N D

24.0 4 7 . 7 47.4 50.7 57.2 64.8 71.9 76.1 76.6 73.1 66.7 58.8 52.0
48.0 51.9 50.2 51.5 55.7 bl.4 67.5 71.9 73.8 72.3 68.2 62.3 56.4
72.0 55.4 53.1 53.0 j5.l 59.4 64.2 68.4 70.9 71.0 68.6 64.4 59. t
96,0 58.2 55.6 54.7 55.? 58.3 62.0 65.6 68.3 69.3 62.3 65.5 61.9

120.0 60.3 57.R 56.4 56.5 58.0 60.7 63.6 66.2 67.6 67.5 65.9 63.3
INTEGRATED
AVERAGE FROM
SURFACE 53.1 51.'1 52.7 56.4 61.5 66.9 70.8 72.5 71.2 67.5 6?.3 57.1
T? 10 FT.

CALCULATED AUGUST EARTH TFMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACE(MN C 010 0.020 0.025 0.030 0.040

24.0 75.0 76.3 76.6 76.9 77.2
48.0 70.5 73.1 73.8 74.3 75.0
72.0 66.7 70.0 70.9 71.6 72.7
96.0 64.3 67.3 68.3 69.2 70.5

120.0 62.3 65.1 66.2 67.1 68.4
IfTEGRATE[C
AVERAGE FROM
SURFACE 69.3 71.7 72.5 73.0 73.8
TO 10 FT.



ST-64

EARTH TEMPERATURE STATION COLUM60USOHI) S

TYPE CF SOIL SILT LOAM
TYPE CF EARTH SUPFACE GRASS
DATA PROCESSED BYDATA SOURCE CLIMATOLUGICAL DATA

PERICO OF O8SERVATInN 1960-1962

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) F M A M J J A S ) N 0

4.0 31.0 32.2 37.2 48.2 58.8 66.4 70.9 69.9 67.1 55.6 43.9 32.8
8.0 34.5 34.6 38.9 48.1 59.7 69.6 72.8 72.8 69.6 56.4 46.8 34.8

20.0 37.5 36.0 39.4 46.6 56.7 65.5 69.4 70.0 67.6 59.7 49.3 40.7
39.0 41.6 39.5 41.2 46.5 54.7 61.9 66.7 6B.1 67.2 60.8 53.2 45.2

RýSLLTS OF LEAST SQUARES ANALYSIS
DEDTH BELOW STANDARD
SUrFACEIIN) AVERAGF(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

4.0 51.3 21.0 0.70 2.8
8.0 53.3 21.0 C.72 2.6

?C.G 53.3 17.8 0.86 1.8
39.0 54.0 14.7 1.00 1.6



STA-44
EARTH TF4PERATURE STATION COLUMBUS9OHIO

CALCULATEC rARTH TEMPERATURES AT SELECTED (EPTHS
FOR DIFFUSIVITYzO.025, A- 53.0 #LO 22.0 AND PO= 0.65

M014TH OF YEAR

DEPTP BELGW
SURFACEIIN) J F M A M J J A S 0 N 0

24.0 36.8 35.'1 39.3 46.6 55.4 63.8 69.1 70.1 66.4 j9.2 50.2 42.1
48.0 41.7 39.4 40.6 45.1 51.6 5R.? 64.1 66.6 65.3 60.8 54.0 47.2

72.0 45.8 42.P 42.5 44.9 49.4 55.1 60.0 63.2 63.5 61.0 56.3 50.8
'46.0 49.0 4 5.q 44.6 45.5 48.4 52.6 56.8 60.1 61.4 60.5 57.4 53.3

120.0 51.3 48.4 46.7 46.5 48.1 51.1 54.5 57.6 51.4 59.4 57.7 54.1
INTEGRATEC
AVERAGE FqOM
SURFACE 43.0 4C.' 41.9 46.0 51.8 58.1 62.9 65.1 63.9 59.9 53.9 41.8
TO 10 FT.

CALCULATFC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELFCTFn DEPTHS

DEPTH BELOW CIFFUSIVITIES
SURFACE(IN) 0.010 0.020 0.025 0.030 0.040

24.0 693.1 69.7 10.1 10.4 70.8
48.0 62.6 65.7 66.6 67.2 6R.1

72.0 58.2 o2.0 63.° L4.0 t)5.3
9h.0 55.1 .$.9 60.1 61.1 62.b

120.0 53.2 56.4 57.o t8.6 60.3
INTEGRATED
AVERAGE FROM
SURFACE Li.. 64.2 t5.1 65.7 66.7
TO 10 Ff.



ST-45
EARTH TEMPERATURE STATION COSHOCTONOHIO
TYPE CF SOIL SILT LOAM
TYPE CF EARTH SURFACE NE.lOow
DATA PROCESSED BY JEN-HU-CHANG
DATA SOURCE REFERENCE(S)

PERIOC OF OeSERVATION 1942-1955

t)BSERVED MCNTHLY AVERAGE EARTH TEMPERATURES

MOCNTH OF YEAR
DEPTH BELOW
SURFACEHIN) M F m A M J J A S 0 N D

0.5 31.6 32.0 38.4 48.1 59.2 71.2 75.5 73.9 69.9 5S.5 41.6 33.0
3.0 32.6 32.5 48.0 46.6 57.9 69.* 72.8 71.4 65.7 54.8 42.4 34.3
6.0 33.0 32.9 38.5 47.6 50.2 69.4 72.9 72.0 67,1 56.9 44.8 A3.0

12.0 34.6 33.) 38.0 46.4 55.6 65.8 70.5 70.2 6S.9 57.3 46.7 37.7
24.0 36.6 35,01 18.8 46.2 55.0 63.4 68.8 68.6 6S.5 57.6 48.3 38,.R

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACE(IN) AVERAGF(A) AMPLITUDE(B) PH-ASE ANGLE(P) DEVIATIOIN

C., 52.6 23.2 0.67 1.7
3.0 51.6 21.2 C.68 1.2
6.0 53.1 20.2 0.76 1.9

12.0 52.0 19.1 (.80 0.6
24.0 52.0 17.4 0.84 0.7

*1



STA-45

EARTH TEMPFRATURE STATION 
COSHOCTONOHIO

JALCULATEC EARTH TEMPERATURES AT SELECTED DEPTHS
F(JIR OIFFUS,|VITYO.025# As 52.0 ,t90= 22.C AND Pflg 0.67

MONTH OF YEAR

OEPTH BELnw
SURFACE(IN) J F m A M J J A S ; 0

24.0 35.9 34.1 18.1 45.3 54.1 62.5 67.9 69.2 65.6 58.6 49.5 41.4

48.0 40,9 38.4 39.5 43.9 50.4 57.5 62.9 65.5 64.4 60.0 53.1 46.4
72.0 45.0 41.9 41.4 43.8 46.2 53.9 58.8 62.1 62.5 60.2 55.5 50.1
96.0 48.1 44,0? 43.6 44.4 4F.2 51.4 55.7 59.0 60.4 59.5 56.6 52.5

120.0 50.4 47.5 45s.7 45.5 47.1 5C.0 53.4 56.5 58.4 58.5 56.8 53.9

INTEGRATEO
AVERAGE FROM
SURFACE 42.1 39.1 40.8 44.9 50.5 56.9 61.7 64.1 63.0 59.1 53.2 47.0
TO 10 FT.

CALCULATEC %UGUST EARTH TFMPERATURE AT SELECTED OIFFUSIVITIES

AND SELECTEO OEPTHS

DEPTI- BELOW CIFFUSIVITIES
SuRFACEHIN,) 0.010 G.020 0.025 0.0•0 0.040

24.0 67.l 6A.7 69.2 t9.5 69.9
44.0 61.b o4. 7 65.5 66.2 67.1
72.0 r7.1 bI.9 62.1 03.0 64.2
96.0 54.0 57.8 59. u 60.0 61.6

12J.0 52.1 55. 1 56.5 57.5 55,.2
I NTEGRA TED
AVERAGE FROM
SURFACE 60.4 61.2 64.1 64.7 65.7
TO 10 FT.



EARTm TEMPERATUi[ STATI(JN BARN0,DALL#COKLA.
TYPE CF SOIL UNONOWN
TYPE OF EARTH SURFACE UNKN(JWN
DATA PROCFSSED HY JE ,-HU-CHANG
DATA SOURCE REFERENCE(5M

PERIOD OF OOSERVAIION 195O-1952

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACEIN) J F M A M J J A S 0 N D

3.9 41.1 43.0 44.8 54.3 66.3 76.0 80.8 81.2 73.2 65.0 47.9 41.6
7.9 42.6 44.4 46.4 55.7 67.2 77.0 81.3 82.6 74.6 66.4 50.2 43.,

11.8 46.1 47.4 49.6158.7 67.8 75.6 79.2 81.7 75.0 68.6 54.8 46.4
19.7 50.0 50.2 52.6 59.6 68.6 76.3 80.5 81.6 76.8 70,9 58.0 50.1
39.4 52.8 52.2 53.9 58.3 66.0 73.2 75.1 81.4 78.2 74.6 63.6 55.4

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACE IN) AVERAGF(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

A-

3.9 60.0 21.3 U.68 2.3
7.9 61.1 20.9 C.70 2.1

11.8 62.7 18.3 0.73 1.7
19.7 64.7 16.8 C.77 1.6
39.4 E5.5 14.4 1.01 1.7



S rA-46
EA4•IH T,-PFRATUJF STATI[ON bARNS"ALL ')OKLA.

CALCULArEC rARTH TEMPERATURES AT SELECTED (EPTHS
FOR DLFFUSIVIrY=0.025, A= 65.0 ,8O= 21.0 AND PO= 0.65

MCNTH OF YEAR
DEPTH BELOW
SURFACEi IN) F M A M J J A S G N D

24.0 49.5 44.7 51.9 58.9 67.3 75.3 80.3 81.3 77.8 11.0 62.3 54.6
48.0 54.2 52.0 53.1 57.5 63.7 70.5 75.6 78.0 76.7 72.4 66.0 59.4
72.0 58.1 55.3 54.9 57.3 61.6 67.0 71.7 74.7 75.0 Y2.- 68.2 62.9
96.0 61.2 58.2 57.0 57.8 60.6 64.6 68.7 71.8 73.1 72.1 69.2 65.3

120.0 t3.4 60.6 58.9 5I.8 60.4 63.2 66.5 69.4 71.1 71,2 69.5 66,7
INTEGRATED
AVERAGE FROM
SURFACE 55.4 53.5 54.4 58.3 63.8 69.9 74.4 76.5 75.4 71.6 65.9 60.1
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED OIFFUSIVIrIES
AND SELECTED DEPTH-S

DEPTH BELOW DIFFUSIVITIES
SURFACEHIN) 0.010 0.020 0.025 0.030 0.040

24.0 79.4 80.9 81.3 E1.6 82.0
48.0 74.2 77.2 78.0 78.5 79.4
72.0 70.0 73.6 74.? 75.5 76.7
96.0 67.0 70.6 71.8 12.8 74.2

120.0 65.2 68.2 69.4 70.4 71.9
INTEGRATED
AVERAGE FROM
SURFACE 73.0 75.7 76.5 77.2 78.1
TO 10 FT.



T -4T
EARTH TEIP ATjRE STAIIJUN HOPD'I NY, ~A
TYPE CF S(OiL IJok OWN
TYPE CF C-AR!H SURFA(F UNKNOWN
DATA PROCESSED BY JEht-HIJ-CHANG
DATA SOURCE REFERENCE(5)

PERIOC OF OeSERVATInN 19tO-1952

OBSERVLD PONTHLY AVERAGE EARTH TEMPtRATURES

MONTH OF YEAR
OEPTH BELOW
SURFACE(IN) F M A M J J A S 0 1J

3.9 46.2 46.4 50.2 57.5 68.1 77.8 84.7 84.8 79.2 69.4 55.7 49.0
7.9 44.4 '.4.7 48.7 55.8 67.5 77.9 85.1 85.4 79.4 68.b 54.3 46.8

11.8 45.8 46.0 49.8 56.7 67.7 76.8 83.5 83.8 78.2 68.9 55.3 48.7
19.7 48.9 46.6 50.0 56.6 67.8 76.7 83.2 83.0 78.0 68.4 59.2 48.2
39.4 48.4 45.7 49.1 55.9 66.0 73.8 80.1 82.1 77.1 68.2 61.6 47.3

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTI' BELOW STANDARD
SURFACEHIN) AVERAGE(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

3.9 64.2 20.2 0.78 1.6
7.9 63.3 21.5 (.77 1.8

11.8 63.5 19.9 0.78 1.5
19.7 64.0 18.9 C.80 1.7
39.4 63.0 18.2 0.87 1.8

I



S1A-47
CAt.Ti, TEMPEQATUReE S!ftt ION Hnl#|NYOKLA.

CALCULATEC EARTH TEMPERATURES AT SELECTED CEPItS
FOR DIFFUSIVITY=O.O25, A- 63.0 9BU-- 21.0 AND PO0 0.73

MONrH OF YEAR

OEPTH BELOW
SURFACEHIN) J F M A M J J A S 0 N D

24.0 48.0 46.5 49.2 55.7 64.0 72.2 77.8 79.5 76.6 70.2 61.6 53.7
48.0 52.8 50.? 50.7 54.7 60.7 67.5 72.9 75.8 75.1 71.3 65.0 58.4
72.0 56.8 53.6 52.8 54.8 58.8 64.2 69.0 72.4 73.2 71.2 66.9 61.8
96.0 59.7 56.5 55.0 55.6 58.1 62.0 66.1 69.4 71.0 70.4 67.8 63.9

120.0 61.9 58.9 57.1 5b.7 58.0 60.7 64.0 67.0 68.9 69.3 67.9 65.2
INTEGRbTED
AVERAGE FROM
SURFACE 54.0 51.6 52.1 55.6 60.9 67.0 71.8 74.4 73.8 70.4 64.8 58.9
TO 10 FT.

CALCULATED AUGUST EARTH TEAPERATURE AT SELECTED DIFFUSIVITIES
AND SELECrEn DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACEHIN) 0.010 0.020 0.025 0.030 0.040

24.0 77.3 T.91 79.5 19.8 80.2
48.0 71.9 75.0 75.8 76.5 77.3
72.0 67.6 71.3 72.4 73.3 74.5
96.0 64.7 68.2 69.4 70.4 71.9

120.0 63.0 65.9 67.0 68.0 69.6
INTEGRATED
AVERAGE FROM
SURFACE 70.8 73.6 74.4 75.1 76.0
TO 10 FT.



EARTH TEMPERATURE STATIf•N LANE fEýIF.•*E1 A.
TYPE CF SOIL UNIwN
tYPE CF rART1' SURFArf UNKNUWNP
DATA PRUCESSED AY JE!N-HU-CHNG
DATA SOURCE RFFFRENCE(S)

P1ERIOC OF 02SERVATIns,. 1950-1952

OBSERVED OL1NTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR

)EPTH BELOW
SURFACE(IN) M F m A M A S 0 N 0

3.9 39.3 41.7 49.1 58.) 72.0 81.0 81.9 83.6 75.6 70.7 51.8 41.9
1.9 41.3 41.5 49.0 57.3 69.0 80.2 86.6 86.5 78.6 71.8 53,7 44.9

11.8 44.7 43.5 49.8 59.4 69.8 78.8 81.8 84.5 78.1 74.6 58.6 47.9
39.4 49.1 46.7 50.5 56.5 65.8 73.2 77.8 81.0 77.4 74*3 64.6 53.3

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW ST ANDARD
SURFACEIIN) AVERAGF(A) AMPLITUDE(B) PHASE ANGLF(P) DEVIATION

3.9 62.4 22.9 C.66 2.4
"7.9 63.5 23.5 G.75 1.7

11.8 64.4 20.7 C.80 2.0
39.4 64.3 16.9 1.00 1.3



STA-4q
EARmf TEPPFPATURE STATION LANF WWROfXflIe.A.

CALCULATEC FARTH TEMPERATURFS AT SELECTED CEPTHS
FnR DIFFUSIVITYcO.025t An 64.0 ,BOz 23.0 AND PD. 0.63

MONTH OF YEAR

DEP IF BELUW
SURFACEIIN) F M A M J J A S 0 N 0

24.0 46.,9 46.2 49.9 57.7 66.9 75.6 80.9 81.8 77.8 70.2 60.7 52.3
48.0 52.0 49.P 51.1 56.0 62.9 70.2 75.7 78.2 76.7 71.9 64.8 57.7
72.0 56.3 53.3 53.0 55.7 60.5 66.4 71.5 74.7 74.9 72.3 67.3 61.5
96.0 59.6 56.4 55.2 56.2 59.3 63.8 68.2 71.5 72.8 71.7 68.5 64.2
120.0 62.1 59.1 57.3 57.3 59.0 62.2 65.7 68.9 70.7 70.7 68.9 65.8

INTEGRATED
AVERAGE FROM
SURFACE 53.4 51.3 52.5 56.9 63.0 69.5 74.4 76.6 75.3 71.0 64.7 58.4
TO 10 FT.

CALCULATILC AUGUST FARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW CIFFUSIVITIES
SURFACEIINI 0.010 0.020 0.025 0.030 0.040

24.0 79.7 81.4 81.8 E2.! 82.6
48.0 74.1 77.4 78.2 78.8 79.7
72.0 69.5 73.5 74.7 75.6 76.9
96.0 66.3 70.2 l.t5 72.6 74.1

120.0 64.3 67.6 68.) 70.0 71.7
INTEGRATED
AVERAGE FROM
SURFACE 72.8 75.8 76.6 77.3 7P. 3
to 10 FT.



ST -4

tARTt TEOPE4ATU6•• STATION PAWMUSKAIl3fLA
TYPE CF: SOIL UNofUbPN

TYPE CF EARTH SUPIFAE UNKNOWN
DATA OROCESSED BY J ý -HU-CHAN(
DATA SOURCE REFERENCE (5

PER!C- Oý OeSERVATI"t 1950-19,52

OBSERVED OOAJTHLY AVFRAGE FARTH TEMPL-RATUREb

MONTH OF YEAR

DEPTt- BELOW
SUFtCEHINN i F M A M J J A S 0 N

3.9 41.0 41.2 45.1 56.1 69.1 80,.6 81.7 82.6 74.4 65.6 49.4 41.4
7.9 39.3 40.P 43.8 53.9 65.8 76.6 79.h 80.8 73.1 64.4 48.2 41.2

11.8 44.6 44.6 4@.0 56.4 65.5 74.4 78.4 80.8 74.1 67.6 55.2 46.8
19.7 46.6 46.3 49.2 54.1 64.5 72.1 77.0 78.7 74.8 69.u 58.4 49.6
39.4 50.2 49.0 50.5 54.6 63.2 67.4 13.6 76.5 74.8 70.2 62.2 54.1

RFSLLTS OF LEAST SOUARES ANALYSIS

DEPTH BELOW S TANDARD
SURFACE(IIN! AVERAGF(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

3.3 60.7 22.8 C.65 2.1

7.9 59.1 21.e C.69 I.p

11.8 61.5 18.5 L.78 I.,L
19.7 61.8 16.8 0.89 1.0

39.4 62.2 13.9 1.06 1.0



SIA-4 4
EARTH TEAPEQATURE STATr•N PA.HUSKA*ULA

CALCULATEG FARTH TEMPERATURES AT SELECTED EEP"HS
FOR UIFFUSIVITY=0.025, A= 62.0 ,tO= 22.0 AND POx 0.61

MONTH OF YEAR

DEPiH BELOW
SURFACEIIN) J M A M J J A S 0 N D

24.0 45.5 45.0 48.8 56.3 65.1 73.3 78.3 79.0 75.0 67.6 58.5 50.6
48.0 50.4 48.4 49.8 54.6 61.2 68.2 73.4 75.6 74.0 69.3 62.5 55,7
72.0 54.5 51.7 51.5 54.2 58.8 64.5 69.3 72.3 72.4 69.8 64.9 59.4
96.0 57.7 54.7 53.6 54.7 57.7 6'.9 66.1 69.3 70.4 69.3 66., 62.0
120.0 60.1 57.2 55.6 55.6 57.3 60.4 63.8 66.8 6R.5 68.4 66.5 63.6

I NTEGRATED
AVERAGE FROM
SURFACE 51.7 49.) 51., 55.4 61.3 67.5 72.1 74.1 12.? 68.5 62.4 56.4
TO 10 FT.

CALCULATFO AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW OIFFUSIVITIES
SURFACEI IN) 0.010 U.020 0.025 0.030 0.040

24.0 71.0 78.6 79.U 19.3 79.7
48.0 71.8 74.0 75.6 16.2 77.0
72.0 67.4 71.2 72.3 73.1 74.3
46.0 64.3 6(.C 69.3 70.3 71.8

120.0 62.4 65.5 6b.8 67.8 61.4

INTECRATED
AVERAGE FRUe

SURFACE 70.5 73.3 " . 74.8 75.1
G 20 FT.



'T -50
EARTI TEPPERATuý[E fiTATI) ON 1)1 TAvA l•q TARIn'
TYPI CF SOIL UNI (0 'JWN
TYPE CF FARMTH WUFArF UNKNOWN
DATA PROCESSED B'Y E. PIENR 0i)
UAlA SOUkCE RFFFRENCE(9)

PFRIOC OF OBSERVATIO)N iq60

OBSERVED I'ONTHLY AVERAGE EARTH TEMPtRATURES

MONTH OF 'FAR

DEPTH BELOW
SURFACEIIN) J F M A M J J A S N 0

12.0 3z.6 30.6 3t).8 35.0 49.7 58.? 66.0 63.6 56.9 49.2 40.2 34.8
24.0 34.9 33.6 33.0 34.6 45.8 57.2 64.1 63.4 58.8 51.6 43.5 38.1
48.0 40.2 38.3 36.7 36.6 41.9 O.1 56.3 58.9 57.9 54.1 48.4 42.8
96.0 46.0 44.5 43.1 41.8 41.6 43.4 47.5 50.5 52.3 52.7 51.4 48.4

RESLLTS OF LEAST SQUARES ANALYSIS

DEPTH BELOW STANDARD
SURFACEIIN) AVERAGF(A) AMPLITUDE(M) PhASE ANGLE(P, DEVIATION

12.0 45.6 17.5 C.83 2.9
24.0 46.6 15.9 L.98 2.7
48.0 46.9 11.3 1.31 1.6
96.0 47.0 5.4 f.01 0.7

CALCULATEC FARTH TEMPFKATURES AT 08SRVU. DEPT9-S(e)

MONTH OF YEAR
IDEPTH BELOW
SUR$-ALEIIN) J F M A m J J A S . N 0

12.0 30.0 29.R 33.9 '4i.8 50.8 59.1 63.9 64.? 59.8 52.1 42.7 34.8
24.0 33.6 32.1 34.4 40.2 47.7 55.2 60.3 61.q 59.4 P3.6 45.9 38.7
48.0 3.95 36.$ If 7 39.3 41.9 49. !5 54.3 51.2 57.3 54.6 49.8 44.4.
96.0 46.5 41.q 42.2 41.? 42.6 44.7 47.4 50.0 51.9 52.3 51.4 4,.1

Is) BASIC PARAMETERS USED FOR THE CALCULATI04

A -47..0BO*21.O,PC'O.64 ,P-.312



EARTO- TEMItPATURE T h'T16% 7T AWA,ONTARIU

CALCULATEC FARTH TEMPFRATURES AT SELFCTEU) DEPT14S
FOR DIFFUSIVITY2O.025, Ax 47.0 d•Ua ?I.C AND PON 0.64

MCNTH OF YFAR
DEPTH BELOW
SURFACE(IN) F M A M J J A S 0 N D

24.0 31.5 10.7 34.0 41.1 49.5 57.4 62.4 63.3 59.7 52. h 44.1 36.5
48.0 36.2 34.0 35.2 39.6 45.8 52.6 57.7 60.0 58.7 54.) 47.8 41.3
72.0 40.1 37.? "6.9 39.3 41.7 49.1 53.7 56.7 57.0 5,4.*. 50.1 44.8
96.0 43.1 40.1 19.0 39.9 42.7 46.7 50.? 53.8 55.1 54.1 51.2 47.2

12C.0 45.3 42, ' 40.9 40.9 42.4 45.3 48.5 51.4 53.1 53.1 51.5 4e.7

INTEGJRATED
AVER AC-E FROM

SURFACE 37.4 35.5 36.5 40.4 45.9 52.0 56.5 58.5 57.4 53.5 47.8 42.0
rT 10 FT.

CALCULA'EC AUUST EARTH TFMPFRAIURE AT SELECTED DIFFUSIVITIFS
AND SEL:CTE') I)E&THIS

JEPTH BEICW CIFFUSIVITIES
SURFACEHIN) 0.010 0.020 0.05 C.030 0.040

24.0 61.4 62.9 63.,) C'.6 64.0

49.0 56.2 59.2 60.U 60.6 61.4

72.0 52.0 5'.? 76.7 1.5 58.1
96.0 49.0 52.6 53.t 54.8 56.2

120.0 47.2 50. 3 51.4 2.4 "•4-0

I NTEGRATED
AVERAGE FROM
NUI FACE 53. l.7 57. i. 59.2 60.1
TO 10 UT.



-:1-L

,ARTH TEMPERATURE STATION CORVALLI$,OREGON
TYPE OF SOIL CLAY LOAM
TYPE CF EARTH S'JRFACE UNKNOWN
DATA PROCESSED BY
DATA SOURCE CLIMATOLUGICAL DATA

PERICC OF OBSERVATIOlN 1961-1962

OBSERVED FNUNTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACEHIN) J F M A M J J A S 0 N 0

2.0 40.0 44,5 46.5 54.1 58.0 70.6 78.0 75.2 65.6 54,6 45.1 40.9
t.O "40.0 43.6 45.2 52.5 54.0 68.5 75.2 74.3 65.9 54.9 45.6 41.8
8.0 38.6 43.1 43.1 50.7 54.5 66.1 72.9 72.3 63.? 53.8 44.9 40.5

20.0 44.0 46.3 46.8 53.4 56.5 65.3 72.1 73.2 68.4 60.8 52.4 45.0
40.0 46.3 46.7 46.7 50.7 53.2 59.3 62.4 67.7 66.7 62.3 55.7 49.9

RFSULTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACEI IN) AVERAGE(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

2.0 56.0 17.9 C.56 3.3
4*.0 55.0 16.9 C.64 3.6
8.0 53.6 16.4 C.65 3.0

20.0 57.0 14.5 0.81 2.4
40.0 55.7 10.7 1.13 1.7

CALCULATEC EARTH TEMPERATURES AT OBSERVED CEPTHSf.)

M04TH OF YEAR
DEPTH BELOW
SURFACEHIN) J F M A M J J A S 0 N 0

2.0 38.5 40.6 46.4 55.2 63.9 70.8 73.5 71.5 65.2 56.7 47.7 41.2
4.0 39.0 40.8 46.3 54.7 63.3 70.1 72.9 71.3 65.4 57.1 48.3 41.9
3.0 40.1 41.3 46.1 53.9 62.0 68.7 71.9 70.8 65.6 58.0 49.6 43.2

20.0 43.0 42.9 46.0 51.9 58.8 65.2 68.9 6ct.2 65.8 S9,9 52.8 46.8
40.0 47.5 45.q 46.q 50.3 55.2 60.5 64.4 66.1 65.0 61.6 56.5 51.4

(o) BASIC PARAMETERS USE FOR THE CALCULATION

A =56.OBO=I8.0PC=0.53 9C=.0i2



ST A-51.
EARTH TEMPERATURE STATION CORVALLISOREGON

CALCULATEC EARTH TEMPERATURES AT SEfLECTED CEPTHS
FOR DIFFUSIVITY=0.025, A= 56.0 Pb30= 18.0 AND PO= 0.53

MONTH QF YEAR

DEPTH BELOw
SURFACEHIN) J F M A M J J A S Q N D

24.0 42.2 42.4 45.9 52.4 59.6 66.1 6q.7 69.6 65.8 59.5 52.0 45.8
48.0 46.1 44.9 46.4 50.7 56.2 61.9 65.8 67.1 63.4 61o2 55.5 50.1
72.0 49.4 47.4 47.6 50.1 .1 58.7 62.5 64.6 64,3 61.8 57,7 53.2
96.0 52,0 49.7 49.1 5L.3 .;-9 56.5 59.8 62.2 62.9 61.1 58.9 55.4

120.0 54.0 51.8 J'3;r 50.1 52.c 55.1 57o9 60.2 61.4 61.i 59.4 56.8
INTEGRATED
AVERACE FROM
SURFACE 47,2 4fI 47.5 51.1 56.2 61.2 64.7 65.9 64.4 60.7 55,6 50.7
TO 10 FT.

CALCUL...TFC AJGUST EARTH TEMPFRATURE AT SELECTED DIFFUSIVITIFS
AND SýLELTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACE(IN' 0.010 0.020 0.025 C.030 0.040

24.0 6S.2 69.4 69.6 E9.8 70.1
48.0 64.2 66.5 67.1 b7.6 68.2 2
72.0 60.7 63.7 64.6 t5.2 66.2
96.0 58.1 61.2 62.2 63.0 64.2

120.0 56.5 59.2 60.2 E1.O 62.3
INTEGRATED
AVERAGE FROM
SURFACE 63.0 65.3 65.9 66.4 67.2
TO 10 FT.



S T- 52

EARTH TEMPERATURE STATION PENDLET04,OREGON

TYPE CF SOIL LIGHT SOIL
TYPE OF EARTH SURFACE THIN GRASS -
DATA PROCESSED BY E.FERFITTON I
DATA SOURCE REFERENCEf4)

PERIOC OF OeSERVATION 18S0

OBSERVEO MONTHLY AVFRAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACEIN) J F M A M i J A S 0 N D

4.0 26.7 37.3 44.9 62.2 72.3 74.2 84.6 83.3 13.2 51.4 45.8 40.9
8.0 27.8 36.6 40.9 55.3 66.3 68.4 77.6 75.8 66.5 53.7 43.2 41.8

12.0 30.4 31.1 39.8 52.2 63.1 65.8 73.7 73o3 65.7 54.1 45.2 40.5
24.0 34.6 36.1 4G.1 50.1 60.9 63.7 71.0 71.7 66.7 57o? 48.5 45.0

RESULTS OF LEAST SOUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACE(IN) AVERAGEA) AMPLITUDtIB) PHASE ANGLEiP) DEVIATION

4.0 58.2 26.4 0.52 3.6

8.0 54.0 22.9 C.S4 2.6
12.0 53.2 20.4 0.62 2.1
24.0 53.7 18.0 C.75 1.7

i
II



STA-52
AT14 TLM!JTURE STAr ION PFNDLETON#OREGON

CALCULATEC :ARTH TEMPERATURES AT SELECTED EEPTHS
FOR DIFFUSIVITY=0.025t A- 53.0 ,bC= 26.0 AND P0= 0.48

MONTH OF YEAR
DEPTH BELOW
SURFACEHIN) J F M A M J J A S 0 N D

24.0 32.9 33.6 39.2 48.8 59.2 68.3 73.0 72.4 66.4 57.0 46.3 37.6
48.0 38.3 37.0 39.6 46.0 54.1 62.1 67.5 69.0 66.1 59.8 51.5 43.8
72.0 43.0 4C.5 41.1 45.0 50.9 57.5 62.8 65.5 64.8 60.9 54.8 48.4
96.0 46.8 43.8 43.1 45.0 49.0 54.2 59.0 62.2 62.9 60.9 56.7 51.7

120.0 49.8 46.6 45.2 45.8 48.3 52.1 56.1 59.3 60.8 60.2 57.6 53.8
INTEGRATED
AVERAGE FROM
SURFACE 40e0 30.7 41.1 46.8 54.0 61.1 65.9 67o3 64*7 S9ol 51*6 44o8
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACEHiN) 0.0.0 0.020 0.025 O.n30 0.040

24.0 70.5 72.0 72.4 12.7 73.0
48.0 65.0 68.2 69.0 69.7 70.5
72.0 60.0 64,3 65.5 f6.4 67.7
96.0 56.3 60.8 62.2 63.3 65.0

120.0 53.9 57.9 59.3 60.5 62.3
INTEGRATED
AVERAGE FROM
SURFACE 63.2 66o4 67.3 68.0 69.0
TO 10 FT.

*1



s• T - 5

EARTH TEMPERATURE STATION CALHOUNS.C.
TYPE CF SOIL UNKNOWN
TYPE OF E.ARTH SURFACE BARE
DATA PROCESSED BY JE ,-HU-CHANG
DATA SOURCE RFFERENCE(5)

PERIOC OF OBSERVATION 1950-1951

OBSERVED PGNIHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S 0 N D

2.0 40.0 41.0 49ý4 57.) 64.2 75.1 78.1 77.2 70.8 59.0 43.7 40.4
12.0 42.6 44.1 51.4 57.7 '0.6 76.8 80.2 80.7 74.7 67.1 51.9 44.0
18.0 45.8 46.6 53.5 59o1 71.6 77.5 81.3 82.0 77.3 68.1 56.6-147,4
24.0 47.3 41.0 53.5 58.1 70.6 76.5 80.6 81.2 77.6 70.4 59.0 49.6
36.0 48.7 47.8 52.7 56.4 67.5 73.1 78.2 78.8 77.0 71v1 62.1 52.8
48.0 50.4 49.2 52.6 55.6 65.0 70.4 76.2 77.3 76.6 71.6 64.2 55.9
60.0 52.9 51.2 53.4 56.3 64.1 69.4 74.7 75.9 76.6 72.8 66.7 59.3
72.0 54.7 52.4 53.7 55.9 62.5 67.9 71.9 74.3 75.3 72.8 67.7 61.6

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACEIN) AVERAGE(A) AMPLITUDE(B) PHASE ANGLE{P) DEVIATION

2.0 58.5 20.5 C.51 2.0
12.0 61.9 19.9 G.65 1.7
18.0 64.0 18.9 C.69 1.4
24.0 64.4 17.9 0.77 1.4
36.0 63.9 16.0 C.91 1.2
48.0 63.8 14.4 1.04 0.9
60.0 64.5 12.9 1.16 0.9
72.0 64.3 11.5 1.28 0.9

CALCULATEC EARTH TEMPERATURES AT OBSERVED EEPTHS(r

DEPTHBELOWMONTH 
OF YEAR

SURFACEHIN) J F M A M J A S 0 N D

2.0 42.4 45.5 53.1 64.1 74.7 82.7 85.6 82.6 '4.4 63.8 52.8 45.2
12.0 44.5 46.1 52.5 62.1 72.0 7999 83.4 81.7 75.1 65.7 55.6 48.0
18.0 45.7 46.9 52.3 61.2 70.5 78.4 82.2 81.2 75.3 66.7 57.0 49.5
24.0 47.0 47.5 52.2 60.3 69.2 76.9 81.0 80.5 75.5 67.5 58.4 51.0
36.0 49.3 48.9 52.2 59.0 66.8 74.1 78.6 79.1 75.5 68.9 60.8 53.8
48.0 51.5 50.1 52.6 58.0 64.9 71.7 76.3 77.7 75.2 69.9 62.7 56.2
60.0 53.6 51.8 53.1 57.4 63.4 69.6 74.2 76.2 74.7 70.5 64.3 58.3
72.0 55.5 53.1 53.8 57.1 62.2 67.8 72.3 74.7 74.1 70.8 65.6 60.1

1*) BASIC PARAMETERS USED FOR TdE CALCULATION

A =64.O,09=22.0OPCs0.49 tD.026



STA-53
EARTH TEMPERATURE STATION CALHOUNtS.C.

CALCULATED EARTH TEMPERATURES AT SELECTED CEPTHS
FOR D!FFUSIVITY=O.025, An 64.0 t8O= 22.0 AND PO0 0.49

MONTH OF YEAR
DEPTH BELOW
SURFACE[IN) J F M A m J J A S ( N 0

24.0 47.0 47.6 52.2 60.3 69.1 76.8 80.9 80.5 75.5 67.6 58.5 51.1
48.0 51.6 50.4 52.6 58.0 64.8 71.6 16.2 77.6 75.2 69.9 62.8 56.3
72.0 55.6 53.4 53.9 57.1 62.1 67.7 72.2 74.6 74.0 70.8 65.6 60.2
96.0 58.9 56.2 55.6 57.2 60.6 65.0 69.0 71.8 72.4 70.8 67.2 63.0

120.0 61.3 58.7 57.4 57.9 59.9 63.2 66.5 69.3 70.6 10.1 67.9 64.8
IATEGRATED
AVEkAGE FROM
SURFACE 53.0 51.9 53.9 58.6 64.7 70.8 74.9 76,1 74.0 69,3 63.0 57.1
TO [0 FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECIET) DEPI-S

DEPTH BELOW CIFFUSIVITIES
SURFACE(IN) 0.010 0.020 0.025 C.030 0.040

24,0 78.8 80.2 80.5 80.7 61.0

48.0 74.1 76.9 17.6 78.1 78.8
72.0 69.9 73.5 74.6 75.4 16.5
96.0 66.8 70.5 71.8 72.7 74.1

120.0 64.8 68.1 69.3 10.3 71.9
INTEGRATED
AVERAGE FROM
SURFACF 72.6 75.3 76.1 76.7 77.6
TO 10 FT.



ST-54
EARTH TEMPERATURE STATION UNIONS.C.
TYPE OF SOIL SANDY LOAM
TYPE OF EARTH SURFACE GRASS SOD
DATA PROCESSED BY
DATA SOURCE CLIMATOLOGICAL DATA

PERICC OF OBSERVAfION 1960-1962

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S 0 N 0

L.0 37.0 39.7 42.8 54.1 65.7 73.1 76.4 75.6 72.7 59.9 51.7 38.9
4.0 38.6 41.3 44.1 54.9 66.2 73.1 77.1 76.7 72.9 62.0 53.3 41.:

12.0 40.9 43.5 46.2 56.1 67.2 74.1 78.1 78.2 74.6 65.2 56.5 43.8

RESLLTS nF LEAST SQUARES ANALYSIS
DEPTH bELOh STANDARD
SURFACEIIN) AVERAGE(A) AMPLITUDE(B) PHASE ANGLE(P) DEV)ATTON

1.0 57.3 20.4 C.68 2.8
4.0 58.5 19.8 0.70 2.8

12.0 60.4 19.2 C.75 2.8



STA--54

EARTH TEMPERATURE STATIUN UNIONtS.C.

CALCULATEC EARTH TEMPERATURES AT SELECTED CEPTHS
FOR DIFFUSIVITY=0025, A= 59.0 t80= 20.0 AND PO= 0.67

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S 0 N D

24.0 44.4 43.4 46.4 52.9 60.9 68.6 73.5 74.6 71.4 65.0 56.7 49.3
48.0 48.9 46.7 47.6 51.6 57.5 64.0 68.9 71.3 70.3 66.3 60.2 53.Q
72.0 52.6 49.R 49.4 51.5 55.6 60.7 65.2 68.2 68.6 66.4 62.2 57.2
96.0 55.5 52.6 51.4 52.1 54.7 58.5 62.3 65.4 66,7 65.9 63.2 59.4

120.0 57.6 54.) 53.3 53.1 54.5 57,2 60.3 63.1 64.8 64.9 63.4 60.8
INTEGRATED
AVERAGE FROM
SURFACE 50.0 48.0 48.8 52.4 57.1 63.4 67.8 70.0 69.0 65.5 60.0 54.5
TO 10 FT.

CALCULATEC AUGUST EART14 TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACEIIN) 0.010 0.020 0.025 0.030 0.040

24.0 72.7 74.2 74.6 74.9 75.3
48.0 67.7 70.5 71.3 71.9 72.7
72.0 63.6 67ý1 68.2 69.0 70.1
96.0 60.8 64.2 65.4 C6.3 67.7

120.0 59.1 62.0 63.1 64.0 65.5
INTEGRATED
AVERAGE FROM
SURFACE 66.6 69.2 70.0 70.6 71.5
TU 10 FT.



ST-55
EARTH TEMPERATURE STATION MADISONS.D.
TYPE CF SOIL SILTY CLAY
TYPE CF FARTH SURFACE GRASS SOD
DATA PROCESSED BY
DATA SOURCE CLiMATOLOGICAL DATA

PERIOC OF OBSERVATION 1961-1962

ORSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACEHIN) J M A M J J A S 0 N D

4.0 24,6 29.2 32.4 43.7 61.2 70.0 73.2 73.4 62.6 53.2 40.7 33.5
8.0 26.6 30.5 32.9 41.6 58.9 67.7 73.0 72.4 62.8 54.0 42.2 35,9

20.0 2?.9 28.2 3U.3 36.1 51.1 59.4 66.0 67.0 60.6 53.4 43.4 36.1
40.0 31.7 28.8 29.1 52.0 45.0 38.6

RESLLTS OF LEAST SOUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACEIIN) AVERAGE(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

4.0 50.1 24.0 C.67 2.2
8.O 50.1 22.5 0.73 2.3

20.0 46.8 19.7 C.90 1.9
40.0 42.4 13.9 1.27 0.6

(;4LCLLAIEC FARTH TEMPERATURES 9T OBSERVED LEVtHSI*;

MONTH OF YEAR
DEF 8": dELOW
SURFACE(IN) F M A 1 J A S 0 N D

4.0 22.8 24.5 31.? 43.5 SS4. 6".2 ?1.1 69.6 61.8 50.2 37.5 27.7
8.0 24.5 25.4 31.6 42.3 54.0 64.1 69.3 66.7 62.0 51.5 39.5 29.6

20.0 29.5 29.3 31.9 39.7 49.2 56.4 64.3 65.7 61.6 54.2 44.3 35.5
40.0 36.6 33.6 34.0 38.0 44.2 1.t4 57.2 60.4 59.9 5S.9 49.4 42.5

(*I BASIC PARAMIC *, FOR THE CALCULATION

A "41.O,BO.26.0,PCwiL.59 .O|m010



I A-to*.
EARTH TEMPERATURE STATION MAD:SCN,S.D.

CALCULATEC EARTH TEMPERATURES AT SELECTED CEPTHS
FOR DIFFUSIVITY.;.025, A= 47.0 ,Bnz 26.0 AND PO= 0.59

MONTH OF YEAR

0EPTH BELOW
SUFACE(IN) J F A M J J A S 0 N

24.0 27.4 27.0 31.6 40.6 51.0 60.7 66.4 67.0 62.0 53.2 42.4 33.2
48.0 33.2 30.1 32.7 38.5 46.3 54.6 50.6 63.1 61.1 5S.4 47.2 39.3
72.0 37.9 34.7 34.7 37.9 43.5 50., 55.8 53.2 59.2 56.0 50.2 43.7
96.0 41.7 38.? 37.0 38.4 42.0 47.1 52.0 55.7 57.0 55.5 51.7 46.8

120.0 44.6 ,4i.2 49.4 39.5 41.6 45.2 49.3 52.8 54.7 54.5 5,.i 48.7
INTEGRATED
AVERAGE FRCM
JURFACE 34.7 32.7 34.3 39.4 46.4 53.8 59.1 61.3 59.5 54.5 47.2 40.1

TO 10 FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED UIFFUSIVITIES
AND SEtECTED DEPTHS

DEPTH BELOw CIFVUSIVITIES
SUqFACEIIN) 0.010 0.0i0 O.OZ5 U.030 0.040

24.0 64.b 66.6 67.0 67.3 67.8
41.0 58.6 62.2 63.1 6".8 64.8
72.0 53.5 57.9 59.. 60.2 61.6
9b.0 49.8 54.3 55.7 56,9 58.6

120.0 47.5 >1.3 52.8 4.,0 55.9
INTEGRATED
AVERAGE FROM
SURFACE 5T7.1 60.3 61.3 62.1 63.2
TO 10 FT.



ST-56
EARTH TEPPERATURE STATION JACKSONTENN.
TYPE CF SOIL SILT LOAM
TYPE CF F-ARTH SURFACF COARSE TAASS
DATA PROCESSED BY
DATA SOURCE US WEATHER K.C,

PLRIOC OF (IHSERVATInN 1949-1951

nBSERVEU PONTHLY AVERAGE EARTH TEMPERATURES

MO'1TH OF YEAR
I)EPThi BELOW

SURFACE(IN) 3 F m A 4 J J A S O N D

4.0 43.3 43.R 50.6 59.8 67.6 75.6 79.0 75.8 70.1 61.3 44.? 41.1
12.0 45.2 45.1 48.0 54.7 64.5 74.3 76.6 75.2 70.1 61.5 47.3 43.1
24.0 49.1 46.8 50.7 53.8 63.8 60.6 73.i 73.4 69.8 65.1 S1.6 48.3
4A.0 50.5 5C.1 51.3 53.7 60.2 66.0 69.7 70.4 69.6 64.6 56.8 51.7
72.0 52.1 51.4 51.4 52.2 56.8 60.9 64.1 65.8 67.3 65.0 60.1 53.8

aESLITS OF LEAST SQUAqES ANALYSIS

DEPTH BELOW STANDARD
SUqFACEIIN) AVERAGE(A) AMPLITUDE(B) PHASE ANGLE(P) DEVATION

4.0 59.5 19.1 C.49 3.8
12.0 58.8 17.5 C.62 3.2
24.0 59.6 13.8 0.77 2.6
48.0 59.6 10.9 C.94 1.3
72.0 58.5 8.2 1.25 1.2

CALCULATE( FARTH TEMPERATURES AT OBSERVED IEPTHSlo)

u!u4TH OF YEAR

DiPTM BZtlb
SURFACE(I, li r A N J A S 0 4 D

4.0 40.9 43.4 50.? 63.6 64.9 76.9 79.2 76.2 68.8 59.3 49.6 43.0
12.0 42.4 44.4 50.? S9.0 67.8 74.? 77.6 7S.7 69.4 60.8 51.8 45.2 I
24.0 44.7 45.5 49.8 S'.Z 6S-0 71.8 15.2 74.6 69.9 62.7 54.6 48.1

48.0 49.1 48.1 50.1 S4.9 60.9 66.9 70.6 71.9 69.7 65.0 56.8 53.1
72.0 52.8 50.9 Si.3 54.1 56.3 61.2 67.1 69.1 66.7 65.9 61.4 S6.7

(ol BASIC PARAPETERS USED FOR THE CALCULATIO4

a r6C.O,n-3,,2r.0,PCu=O.44 00,.0ZZ



STA-56

EARTH TEMPERATURE STATION jAC,•KSi,, rENN.

CALCULATE[ FARTH TEMPERATURES AT SELECTED CEPTHS

FOR DIFFUSIVITY=0.025, A= 60.0 dtOs 20.0 AND PU= 0.44

MONTH OF YFAR

DEPTH BELOW
SURFACEtIN) J F M A M J J DS N D

24.0 44.4 45. 49.q 57.4 65.4 72.2 75.5 74.7 64.8 62.o 54.2 47.8
46.0 48.5 47.7 50.0 55.1 61.4 67.4 71.4 72.3 69.8 64.8 58.3 52.5
72.0 52.1 500. 5,.0 54.1 58.7 63.8 67.11 69.7 6A.9 65.8 61.0 56.1
96.0 55.0 52,P 52.4 54.1 57.2 61.3 64.o 67.2 67.6 65.9 62.6 58.7

120.0 57.3 55.0 54.0 54.6 56.5 59.5 62.6 65.0 66.0 65.4 63.3 60.4
INTEGqATED
AVERAGE FROM
S'JRF:ACE 49.8 41.1 51.1 55.6 tl.2 66.6 70.1 10.9 68.7 64.3 58.5 53.3
If) 10 FT.

CALCULATEC AUGUST EARTH T.EFMPERATURE AT SELECTED OIFFULIVITIFS

AND SELECTEP DFPTHS

t)EPrH BELO% CIFFUSIVITIES
SURFACE(IN) 0.010 0.020 0.025 C.030 0.040

24.0 73.4 74.5 74.7 74.9 75.2
4R.0 69.3 71.7 72.3 12.7 71.4
72.0 65.5 68.9 69.1 70.4 71.3
96.0 62.7 66.1 67.2 68.0 69.3

120.0 60.8 63.9 65.0 e.q 67.3
I ifE;- ATED
AVERAGE FROM
S t FACE 67.9 70.3 70.4 71.5 72.?
TU 10 FT.



ST-57
eARTH TEMPERATURE STATION TEMPLETEXAS
TYPE OF SOIL ABILENE CLAY
TYPE OF EARTH SURFACE HORTICULTURAL
DATA PROCESSED BY
DATA SOURCE US WEAlHER R.C.

PERICC OF OBSERVATION 1919-1924

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR

DEPTH BELOW
SURFACEHIN) J F M A M J J A S 0 N 0

1,0 50.8 53.3 59.4 68.3 79.9 85,3 92.0 92.5 84.1 72.6 58.8 53.0
3.0 50.7 5'.7 58.7 67.8 79.0 84.9 90.7 92.3 83.9 71.8 58.2 52.7
6.0 51.8 53.2 58.8 64.6 78.3 83.6 89.8 90.9 83.3 71.7 61.0 53.7

12.0 52.9 53.4 58.6 65.8 75.9 83.5 87.0 88.6 83.4 73.5 62.6 55.4
24.0 55.9 55.3 58.6 64.8 72.6 78.9 83.1 81.4 82.6 75.8 65.6 58.8
36.0 58.8 57.6 59.5 64.2 70.5 76.5 80.8 83.8 82.2 77.9 69.1 62.1
48.G 55.5 58.9 60.2 63.5 67.8 74.2 78.4 81.4 81.0 77.7 70.9 64.6

RESULTS OF LEAST SCUAREý ANALYSIS
DEPTH BELOW STANDARD
SURFACEIIN) AVER.AGFIAI AMP*ITUDE(R) PHASE ANGLE(P) DEVIATION

1.0 70.9 21.1 C.60 4.2
3.0 70.4 20.9 C.61 3.9
6.0 70.1 19.8 0.67 3.9
1Ž.u 70.2 18.2 C.71 2.9
24.0 70.0 15.6 0.86 2.7
36.0 70.3 13.2 1.02 1.9
48.0 69.6 12.1 1.12 4.0

CALCULATEC FARTH TEMPERATURES AT OBSERVED [EPTHS(*)

DEPTH BELOW MONTH OF YEAR 
I

Sý,RFACE(IN) F M A M J J A S 0 N D

1,0 49,3 51.4 58.1 68.' 78.8 87.1 90.7 88.7 81.5 71.5 60.7 52.8
3.0 49,8 51.6 57.9 67.9 78.2 86.5 9J.2 88.5 81.6 71.9 6'.4 53.4
6.0 50.5 52.0 57.8 67.3 77.3 85.5 89.4 88.1 81.8 72.5 62.3 54.4

12.0 52.0 52.7 57.7 66.3 75.6 83.7 87.9 87.3 82.0 73.6 64.0 56.2
24.0 54,9 54.4 57,7 64.6 72.7 80.3 85.0 85.6 82.0 75.3 66.9 59.6
36,0 57.6 55.2 58.2 63.6 70.5 77.4 82.2 83.8 81.6 76.3 69.2 62.5
48.0 60.0 58.0 59.0 63.0 68.7 75.0 79.8 82.0 80.9 76.9 71.0 64.9

1.) BASIC PARAMEIERS USED FOR THE CALCULATION

A xT0.OB0.210,PC=0o.38 ,0=.019



STA-57
EARTH TEMPERATURE STATION TEMPLE, EXAS

CALCULATEC EARTH TEMPERATURES AT SELECTED DEPTHS
FOR DIFFUSIVITY=O.025, A- 70.0 td0= 21.0 AND POz 0.58

MO4TH OF YEAR
DEPTP BELOW
SURFACE(IN) J F M A M J J A S 0 N 0

24.0 54.1 53.q 57.7 65.0 73.4 81.2 85.7 86.l 82.0 74.9 66.2 58.7
48.0 58.7 57.0 58.5 63.2 69.6 76.3 81.1 83.0 81.3 76.7 70.1 63.6
72.0 62.6 60.1 60.1 62.8 67.3 72.7 77.2 79.9 79.8 77.2 72.5 67.2
96.0 65.7 62.' 61.9 63.1 66.1 70.2 74.1 77.1 78.0 76.9 73.7 69.7

120.0 68.0 65.3 63.R 64.0 65.7 68.6 71.9 74.7 76.2 76.0 74.2 71.3
INTEGRATED
AVERAGE FROM
SURFACE 60.0 58.4 59.R 64.0 69.6 75.6 79.9 81.6 80.1 75.9 70.1 64.3
TO 10 FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACE(IN) 0.010 0.020 0.025 0.030 0.040

24.0 84.3 85.8 86.1 86.4 86.7
48.0 79.4 82.3 83.0 83.6 84.3
72.0 75.3 78.9 79.9 EO.7 81.8
96.0 72.3 75.9 77.1 78.0 79.4

120.0 70.4 73.5 74.7 75.7 77.2
INTEGRATED
AVERAGE FROM
SURFACE 78.1 80.8 81.6 82.2 83.1
TO 10 FT.



EARTH TEMPERATURE STATION TEMPLEiTEXAS

TYPE OF SOIL UNKNOWN
TYPE CF EtRtH SURFACE UNKNOWN
DATA PROCESSED BY E.P.FITTON
DATA SOURCE REFERENCEI4)

PERICO OF OPSERVATION 1918-1924

OBSERVED MONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR

DEPTH BELOW

SURFACEIIN) J F M A M J J A S 0 N 0

1.0 53.1 52.6 59.4 69.1 78.8 88.6 93.7 93.2 83.8 72.6 59.8 52.6
3.0 53.2 52.3 58.6 67.9 78.3 86.5 92.2 93.3 83.9 73.1 60.2 52.8
6.0 53.3 52.7 58.7 67.5 17.3 85.6 91.7 92.3 83.8 73.3 60.9 53.4

12.0 54.6 53.5 58.1 65.9 74.9 83.4 87.8 88.9 83.8 74.8 62.9 55.4
24.0 56.9 55.? 58.2 64,8 72.1 78.9 84.2 86.9 83.6 76.3 67.0 59o5
36.0 59.6 57.4 59.0 64.2 70.2 76.4 81.7 84.4 83.3 78.7 71.0 62.9
48.0 61.1 58.9 59o0 63.6 68.7 74.0 79.2 82.2 82.1 79.2 73.2 65.0

RESULTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACE(IN) AVERAGE(A) AMPLITUDE(B) PHASE ANGLE(P) DEVIATION

1.0 71.5 21.5 0.60 1.7
3.0 71.1 21.0 C.64 1.8
6.0 ?1.0 20.4 0.66 1.6

12.0 70.4 18.3 C.74 1.2
24.0 70.4 15.6 0.90 0.9
36.0 70.8 13.5 1.08 0.7
48.0 70.6 12.1 1.22 0.7

CALCULATEC EARTH TEMPERATURES AT OBSERVED EEPTHS(.)

MONTH OF YEAR
DEPTH BELOW
SURFACE|IN) J F M A M J J A S a N D

1.0 50,3 52.2 58.7 68.9 79.4 87.9 91.6 89.9 82.8 72.9 62.1 54.0
3.0 50.9 52.5 58.6 68.5 78.7 87.2 91.1 89.6 83.0 73.4 62.8 54.7
6.0 51.7 52.9 58.5 67.9 77.8 86.1 90.2 89.2 83.1 74.0 63.8 55.8

12.0 53.3 53.7 58.4 66.8 76.0 84.1 88.6 88.3 83.3 75.1 65.6 57.7
24.0 56.4 55.6 58.6 65.1 73.0 80.6 85.4 86.4 83.2 76.7 68.6 61.3
36.0 59.3 57.6 59.2 64.2 70.8 77.6 82.5 84.4 82.6 17.7 70.9 64.3
48.0 61.9 59.5 60.1 63.7 69.1 75.2 79.9 82.4 81.8 78.2 72.6 66.8

(*1 BASIC PARAMETERS USED FOR THE CALCULATION

A s71.0,B0=21.0P0=o0.60 ,0=.016 I



EARTH TEMPERATURE STATION TEMPLE!TEXAS STA-58

CALCULATEC EARTH TEMPERATURES At SELECTED CEPTHS
FOR DIFFUSIVIrY=0.0259 A= 71.0 980= 21.C AND PO= 0.59

MCNTH OF YEAR
DEPTH BELOW
SURFAME(IN) J F M A M J J A S 0 N D

24,0 55.2 54.9 58.6 65,8 74.3 82,1 86.7 87.2 83.1 76.U 67.3 59.8
48.0 59.8 58.0 59.5 64.1 70.5 77.2 82.0 84.0 82.4 77.8 71.2 64.7
72.0 63.7 61.1 61.1 63.7 68.2 73.6 78.1 80.9 80.9 78.3 73.6 68.3
96.0 66.7 63.q 62.9 64.1 67.0 71.1 75.1 78.0 79.1 77.9 74.8 70.8

120.0 69,0 66.3 64.8 64.9 66.6 69.6 72.8 75.7 77.2 77.0 75.2 72.4
INTEGRATED
AVERAGE FROM
SURFACE 61.1 59.4 60.7 64.9 70.5 76.5 80.8 82.6 8l1. 77.0 71.2 65.4
TO 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACEHIN) 0.010 0.020 0.025 0.030 0.040

24.0 85.3 86.8 87.2 87.4 87.8
48.0 80.4 83.2 84.0 F4.6 85.3
72.0 76.2 79,8 80.9 81.7 82.8
96.0 73.2 76.9 78.0 79.0 80.4

1?0.0 71.4 74.5 75.7 16.6 78.2
INTEGRATED
AVERAGE FROM
SURFACE 79.1 81.8 82.6 83.2 84.1
TO 10 FT.



ST-59
EARTH TEMPERATURE STATION SALT LAKE CITYUTA
TYPE OF SOIL SANDY LOAM
TYPE OF EARTH SURFACE BARE
DATA PROCESSED BY
DATA SOURCE CLIMATOLOGICAL DATA

PERIOD OF OBSERVATInN 1960-1962

OBSERVED PONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACEMiN) J F M A M J J A S 0 N D

4.0 30.5 33.5 39.0 52.5 60.7 67.9 71.2 69.1 60.4 51.1 40.0 32.1
8.0 31.3 33.5 38.8 51.7 59.6 67.0 70.5 69.3 60.7 i2.1 41.2 33.2

20.0 32.0 34.4 38.2 49.0 56.1 63.2 67.1 67.5 60.3 53.3 43.7 36.1
39.0 37.1 35.0 39.0 47.4 55.2 60.1 64.9 66.8 61.4 55.8 46o3 40.7

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURF4CE{IN) AVERAGF(A) AMPLITUDE(B) PHASE ANGLE(P) DEV1ATIC0

4.0 50.8 20.6 C.51 2.6
8.0 50.8 20.0 0.55 2.5

20.0 50.2 17.5 C.66 2.3
39.0 50.8 15.3 0.81 2.1

CALCULATED EARTH TEMPERATURES AT OBSERVED EEPTHSl*)

MONTH OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A M J J A S 0 N 0

4.0 30.7 33.5 40.6 51.0 61.O 68.6 71.3 68.5 60.9 50.9 40.6 33.3
8.C 31.4 33.8 40.4 50.3 60.1 67.7 70.6 68.3 61.l 51.5 41.5 34.2

20.0 33.4 34.7 40.0 48.6 57.6 65.0 68.6 67.4 61.7 53.3 44.0 36.9
39.0 36.5 36.3 39.8 46.6 54.3 61.3 65.4 65.7 61.9 55.3 47.3 40.6

(o) BASIC PARAMETERS USED FOR THE CALCULATION

A x51.OBO-2l.OPCs0.48 ,C*.035



STA-59
EARTH TEMPERATURE STATION SALT LAKE C!rY#UTA

CALCULATED EARTH TEMPERATURES AT SELECTPD OPTHS

FOR DIFFUSIVlrY=O.025t An 51.0 ,BOz 21.C AND P0 0.48

MONTH OF YEAR

DEPTH BELOW
SURFACEIIN) J F M A M J J A S 0 N D

24.0 34,8 35.4 39.8 47.6 56.0 63.3 67.2 66.7 61.8 54.3 45.6 38.6
48,0 39.2 38.0 40.2 45.4 51.9 58.4 62.7 64.0 61.6 56.5 49.8 43.5
72.0 42.9 40.9 41.4 44.5 49.3 54,6 58.9 61.1 60.5 57.4 52.5 47.3
96.0 46.0 43.5 43.0 44.6 47.8 52.0 55.8 58.4 59.0 57.4 54.0 49,9

120.0 48.4 45.9 44,7 45.2 47,2 50,3 53.5 56.1 57.3 56.8 54.7 51.7
INTEGRATED
AVERAGE FROM
SURFACE 40.5 39.5 41.4 46.0 51.8 57.6 61.4 62.5 60.4 55.9 49.9 44.4
TO 10 FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED OIFFU!IVITIES
AND SELECTED DEPTHS

DEPTH BELOW DIFFUSIVITIES
SURFACEIIN) 0.010 0.020 0.025 C.030 0.040

24.0 b5.1 664o 66.7 66.9 67.2
48.0 60.7 63.3 64.0 64.5 65.1
72.0 56.7 60.1 61.1 61.8 62.9
9b.0 53.7 57.3 58.4 5.3 60.7
120.0 51.7 54.9 56. 57.1 58.5

INTEGRATED
AVERAGE FROP
SURFACE 59.3 61.8 62.5 63.1 63.9
TO 10 FT.



ST-s5
EARTH TEMPERATURE STATION SALT LAKE CITYUTA
TYPE CF SOIL SANDY LOAM
TYPE OF EARTH SURFACE BARE
DATA PROCESSED BY
DATA SOURCE CLIMATOLOGICAL DATA

PERIOD OF OBSERVATION 1960-1962

OBSERVED PONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACEIIN) J F M A M J J A S 0 N D

4.0 30,5 33.5 39.0 52.5 60.7 67.9 71.2 69.1 60.4 51.1 40.0 32.1
8.0 31,3 33.5 38.8 51.7 59.6 67.0 70.5 69.3 60.7 j2.1 41.2 33.2

20.0 32.0 34.4 38.2 49.0 56.1 63.2 67.1 67.S 60.3 53.3 43.7 36.1
39.0 37ol 35.0 39.0 47,4 $552 60.1 64.9 66.8 61.4 5S.8 46.3 40.7

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STA0DARD
SURFACEIIN) AVERAGFIA) AMPLITUDE(B) PHASE ANGLE(P) DVImATIW

4.0 50.8 20.6 C.51 2.6
8.0 50.8 20.0 0.55 2.5

20.0 50.2 17.5 C.66 2.3
39.0 50.8 15.3 0.81 2.1

CALCULATED EARTH TEMPERATURES AT OBSERVED CEPTHS(*)

MONTH OF YEAR
DEPTH BELflW
SURFACE(IN) J F M A K J J A S 0 N 0

4.0 30.7 33.5 40.6 51.0 61.0 68.6 71.3 68.5 60.9 50.9 40.6 33.3
8.0 31.4 33.8 40.4 S0.3 60.1 67.? 70.6 68.3 61.1 51.5 41.5 34.2

20.0 33.4 34.1 40.0 48.6 57.6 6S.0 66.6 67.4 61.7 53.3 44.0 36.9
39.0 36.5 36.3 39.8 46.6 54.3 61.3 6S.4 65.? 61.9 SS.3 47.3 40.6

(0. BASIC PARAMETERS USED FOR THE CALCULATION

A AS.0,BO-21.OPC8O.48 .C*.015



EARTH TEMPERATURE STATION BURLINGTON#VT. ST-60

TYPE OF SOIL UNKNOWN
TYPE OF EARTH SURFACE BARE
DATA PROCESSED OY JEN-HU-CHANG
DATA SOURCE REFERENCE(5)

PERIOD OF OBSERVATInN 19SL-19S5

OBSERVED MONTHLY AVERtqE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACEHIN) J F M A M J J A S 0 N 0

0.2 29.5 29.6 32.7 45.5 58.6 699 716.2 72.1 62.5 49.4 36.0 32.2
1.0 29.5 30.0 34.5 45.7 56.2 69.8 77.2 71.5 61.? 468.3 37.4 32.5
3.0 29.6 29.8 32.7 45.0 57.7 69.2 76.3 71.4 61.4 48.6 37.4 32.6

RESLLTS OF LEAST SQUARES ANALYSIS
DEPTH BELOW STANDARD
SURFACEIIN) AVFRAGF(A) AMPLITUDE(S) PHASE ANGLE(P) DEJAfTlO

0.2 50.0 24.0 C.62 2.7
1.0 49.8 23.4 0.59 2.6
3.0 49.5 23.2 C.61 2.6

I



STA-60
EARTH TEMPERATURE STATION RURLINGTU~tiVi.

CALCULATEC EARTH TEMPERATURES At SELECTED CEPTHS
FOR DIFFUSIVITY0.025t A* 49.0 #t00 26.0 AND POs 0.60

MONTH fF YEAR
DEPTH BELOW
SURFACEIIN) i F A M J J A S 0 N 0

24.0 29.5 29.0 33.5 42.4 52.8 62.5 68.3 69.0 64.2 55.4 44.6 35.3
48.0 35.2 32.9 34.6 40.4 48.2 56.5 62.5 66.1 63.2 57.5 49.4 4L.4
72.0 40.0 36.A 36,7 39.4 45.4 57.1 57.7 61.2 61.3 56.1 52.3 45.6
96.0 43.9 40.3 39.0 40.4 44.0 49.0 54.0 57.7 59.0 57.6 53.8 48.9

120.0 46.6 43.? 41.4 41.5 43.5 47.2 51.2 54.7 56.7 56.5 54.3 50.8
INTEGRATED
AVERAGE FROM
SURFACE 36.8 34*7 36.2 41.3 48.3 55.7 61.0 63.1 61.6 56.6 49.4 42.2
TU 10 FT.

CALCULArEC AUGUST EARTH TEMPERATURE AT SELECTED OIFFUSIVIT[ES
A;4D SELECTEn nEPTHS

OEPTH BELOW DIFFUSIVITIES
SURFACEIIN) 0.010 0.020 0.025 0.0i0 0.040

24.0 16.8 68.6 69.0 L9.- 69.8
48.0 60.6 64.2 65.1 65.8 66.8
72.0 55.4 59.9 61.d C2.2 63.6
96.0 51.7 56.2 57.I 58.R 60.6

120.0 49.5 53.2 54.1 t5.9 S7.8
INTEGRATED
AVERAGE FROM
SURFACE 57.0 62.3 63.3 64.1 65.2
rU 10 FT.



ST-61
EARTH TEMPERATURE STATION PULLMANd ASh.

TYPE OF SOIL SILTY LOAM
TYPE CF EARTH SURFACE VECETATION
DATA PROCESSED BY JEN--HU-CAANG
DATA SOURCE REF[RENCEMS)

PERIC(O OF OeSERVATInN 1943-1951

UBSFRVED PONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW

SURFACE[IN) J F N A A 5 A 0 0

1.0 33.7 33.4 38.3 50.1 65.1 74.6 66.1 84.5 15.2 S5.5 43.0 36.4
6.0 36.8 37.S 41.5 51.6 60.1 66.? 75.5 75.7 67,5 65.0 44.1 40.2

!
I

RESLLTS OF LEAST SQUARES ANALYSIS
DEDT" BELOW STAOiARO
SURFACEIIN) AVERAGF(A) AMPLITUDE(S) PHASE ANGLEIP) DEMMElW

1.0 56.7 26.9 C.69 2.6
6.0 54.7 19.8 0.67 1.9 I



STA-61
EARTH' TEMPERATURE STATION PULLMAN, WASH*

CALCULATEC ýARTH TEMPFRA7URES AT SE'LECTfE0 CEPTHS
FOR 01 FFUS IVI TY*-0.025, A= 46.0 #box 22.,0 AMD P0s 0.60

MONTH OF YEAR
":F.PTI4 BELOW F i S
SURFiACEtINIt M J t

74.0 31.5 31.1l 14.9 42.4 51,.3 59.5 64.4 6 S. 0 6-0.8 54..4 44. 3 36.4
48.0 '36.4 14.4 15.9 4007 47.3 54.) 59.5 61.6 60.0 5S.2 49.3 41.6
72.0 40.4 17.7 )7.6 4*0.3 44.9 50.6 55.4 58.3 58.41 55.? 50.8 4S.3
96.0 4.3.6 40.8 39.6 40.7 43.7 40*.O 52.2 55.3 56.4 55.3 52.1 47.9

120.0 46.0 43.1 41.6 41.6 43.4 45,.5 49.&8 52.8 54.5 5,.4 52. 5 4 .-S
I NI EGRA TED
AVERAGE FROM
SUR4FACE 37.6 35.Q 47.2 -41.5 .47.4 S3.6-58.2 6001 5O14 54,.4 48.3 42.3
TO 10 FT.

CALCULATED AUGUST EAR~TH TEMPERA-TURE AT SELECTED DPF~USIVIVIES
AND SELECTED ifEPT14S

D)EPTH BELUi CIFFUSIVITIES
SURFACE(IN) 0.010 0.020 0.0ý5 ý0.030 0 .040

24.0 63.0 64.6 65.0ý tý. 2 65,16
48.0 57.8 it0 61*6- 62.2 63.0
72.0 53o4 5?.2 58.1 .2O4

46050.3-- 54. 1 >5.1 S6.3 5T.8
120.0 464.4 51.6 52.8 ti3.9- ss.5

INTEGRATED
AVERACE FAI('M
SURFACE 56.s 54..3 60.1 60.14 61.Y
TO IC FT.



ST-62
EARTH TEPPERATURE STATIOM PULLMAN, NASH.
TYPE CF SOl. UNKNOWN
TYPE CF EARTH SURFACE BLUE GRASS SOD
DAIA PROCESSED BY F.P.FITTON
DATA SOURCE REFERENCE (4)

PERIOC OF OeSERVATIrnN 1912-1913

O8SERVED PONTIHLY AVERAGt EARTH TEMPERATIUES

MONT" OF YEAR
DEPTH BELOW
SURFACE(IN) J F M A J J A S 0 N 0

1.0 31.7 46.5 60.2 62.7 66.0 75.4 60.2 42.0 '0.0 33.2
2.0 11.9 45.4 57.8 63.2 65.9 73.2 58.9 42.0 39.9 33.?
6.0 32.3 44.7 54.9 62.3 64.8 70.2 S7.2 42.4 40.4 34.S

12.0 32.? 44.8 52.6 62.2 64.9 61.7 56.? 4S.0 42.2 36.0
24.0 35.6 44.3 W.6 59.0 62.8 66.5 58.5 48.5 45.0 39.2
36.0 37.5 44.1 48.9 56.3 60.9 64.8 58.9 50.9 47.4 41.9

RESLLTS OF LEAST SQU4RES ANALYSIS
DEPTH B1tLO* STANDARD
SURF4CEIN) AVERAGFIA) AMPLITUDE(b) PHASE ANGLEEP) DEI1ATI"

1.0 49.1 19.8 0.ss 4.9
2.0 48.5 19.2 C.56 4.3
6.0 47.P 17.8 0.S8 3.7

12.0 48.0 16.8 C.63 2.6
24.0 48.6 14.7 0.78 2.2
36.0 48.9 13.0 (.92 1.8



I
STA-62

EARTH TEMPERATUF:E STATION - PULLMANWASH.

CALCULATEC EARTH TEMPERATURES AT SELECTED CEPTHS
FOR DIFFUSIVITY=O0259 A* 48.0 #80: 19,0 AND POu 0.50

MONTH OF YFAR
DEPTH BELOW
SURFACE(IN) J F m A M J J A S 0 N 0

24.0 33,4 33.8 37.7 44.6 52.3 590. 62.6 62.3 56.0 51.2 43.4 37.0
48.0 37,. 36,1 38.1 42o? 48.6 54.5 58.5 59.7 51,7 53t2 47.1 41.4
72.0 40.8 38.9 39.? 42.0 46.3 31 1 55.0 57.1 56.7 54.0 49.5 44.8
96.0 43.6 41o0 40,•7 42,1 45.0 48.8 52.2 54.7 55.2 53.9 50.9 47.2

12040 45.7 43.4 42.3 42.7 44.4 47.2 50.1 52.5 53.7 53.3 51.4 48.7
INTEGRATED

AVERAGE FROM
SURFACE 38.6 37.6 39.2 43.3 48,5 53.8 57o3 58,4 56.7 52.6 47.2 42.2
TO 10 FT.

CALCULATEC AUGUST EARTH TEMPERATURE AT SELECTED OIFFUSIVITIES
AND SELECTED DEPTHS

D)EPTH BELOW CIFFUSIVITIES
SURFACE{IN) 0.010 0.020 0.025 O.eOO 0040

24.0 60.8 62.0 62.3 f2.5 62.8
48.0 56e7 59.1 59.7 60.2 0.8
72.0 53.1 56.2 57.1 57.8 58.8
96.0 50.3 53.6 54.7 55.5 56.7

120.0 48.6 51.5 52.5 53o4 54.8
I •TE;RATED
AVERAGE FROM
SURFACE 55.5 57.8 58.4 59.0 59.7
TO 10 FT.



Str-6i

EARTH TEMPERATURJE STATION SEATTLE9WASH.
TYPE CF SOIL SAND OVER CLAY
TYPE OF EARTH SURFACE RLlE GRASS
DATA PROCESSED BY JFN-HV-CHANG
DATA SOU RCE REFERENCE15)

PERIOD OF F)ESERVATInN 1948-1950

OBSERVED M'ONTHLY AVERAGE EARTH TEMPERATURES

MONTH OF YEAR
DEPTH BELOW
SURFACEIN) J F m A M J J A S 0 N 0

19.7 38o9 39.6 45,4 49.7 55.7 60.4 62.8 64.3 61.9 55.3 50.1 45.0

49.2 43.q 41.9 45.7 46.4 52.0 55.4 59.9 61.2 55.7 56.9 53.2 49.1
88.6 48,3 45.1 46.5 48.S 50.9 52.6 56.0 57.7 58.2 56.7 54.1 51.8

128.0 51.2 48.7 48.1 49.3 54.7 51.5 54.1 60.6 56.3 55.8 54.1 53.0
i67.3 52.9 51.3 50.2 50.6 51.0 51.4 53.5 55.0 56.' 56.0 54.9 54.2
206.7 52.3 52.4 51.7 51.2 51.2 51.3 52.8 53.9 54.5 54.7 54.1 53.9

RESLLTS OF LEAST SQUARES ANALYSIS

DEPTH BELOW STANDARD
SURFACEUIN) AVERAGEIA) AMPLITUDEIB) PHASE ANGLE(P) DEVIATION

19.7 52.5 12.1 0.79 1.2
49.2 52.0 8.2 1.04 1.6
88.6 52.2 6.0 1.37 0,7

128.0 53.1 4.3 1.40 1.9
167.3- 53.1 2.9 1.95 0.3
206.7 52.8 1.8 2.14 0.4

CALCULATED EARTH TEMPERATURES AT OBSERVED (EPTHS(*)

MONTH OF YEAR
DEPTH BELOW
SURFACE(.IN) J F M A M J J A S 0 N 0

19,7 40,8 40,7 43.6 49.3 55.8 61.? b5.1 65.3 62.1 56.6 49.9 44.2
49.2 44.5 43.1 44.3 47.9 52.7 57.8 61.4 62.9 61.6 58.1 53.0 48.2
88.6 48.4 46.4 46.0 47.6 50.5 54.2 57.5 59.6 59.9 58.4 55.3 51.8
128.0 51.1 49.1 48.0 48.3 49.7 52.2 54.7 56.9 58.0 57.7 56.2 53.8
167.3 52.9 51.1 49.9 49.4 49.9 51.3 53.1 54.9 56.2 56.6 56.1 54.7
206.7 53.7 52.4 51.3 50.5 50.5 51.1 52.2 53.5 54.8 55.5 55.5 54.9

(*I BASIC PARAMETERS USED FOR THE CALCULATION

A =53.0,iO=150,PC=0.64 90=,0,4



STA-61
EARTH TEMPF4ATIVIF ,TATTJ)N SEATTLEWASH.

CALCULATEC EARTH TEMPERATURES AT SELECTED CEPTHS
FOl DIFFUSIVI[Y=0.025t A= 53.0 .Bn= 15.0 AND P0= 0.64

MONTH OF YEAR
DEPTP BELOW
SURFACEIN) J F M A M J J A S 0 N D

24.0 41.9 41.4 43.7 48.8 54.9 60.4 64.0 64.7 62.1 57.1 50.9 45.5
48.0 45.3 43.7 44.6 47.7 52.2 57.0 60.6 62.3 61.3 58.2 53.6 48.9
72.0 48.0 46.(0 45.8 47.5 50.6 54.5 57.8 59.9 60.1 58.4 55.2 51.5
96.0 50,2 48.1 47.3 47.9 49.9 52.8 55.7 57.9 58.8 58.1 56.0 53.2

120.0 51.8 49.9 48.7 48.6 49.7 51.8 54.1 56.2 57.4 57.4 56.2 54,2
INTEGRATED
AVERAGE FROM
SURFACE 46,1 44.q 45.5 48.3 52.2 56.5 59.8 61.2 60.4 57.7 53.5 49.4
ro 10 FT.

CALCULATED AUGUST EARTH TEMPERATURE AT SELECTED DIFFUSIVITIES
AND SELECTED CEPTHS

DEPTH BELOW CIFFUSIVITIES
SURFACEHIN) 0.010 0.020 0.025 0.030 0.040

24.0 63.3 64.4 64.1 64.9 65.1
48.0 5). b 61.7 62.3 62.7 63.3
72.0 56.6 59.2 59.9 60.5 61.4
96.0 54.5 57.0 57.9 58.6 59-6

120.0 53.2 55.3 56.2 56.9 58.0
INTEGRATED
AVERAGE FROM
SURFACE 5P.7 60.7 61.2 61.7 62.4
TO 10 FT.


